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NOTICE

When Government drawings, specifications, or other data are used

for any purpose other than in connection with a definitely related

Government procurement operation, the United States Government thereby

incurs no responsibility nor any obligation whatsoever; and the fact

that the government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data, is not to

be regarded by implication or otherwise as in any manner licensing

the holder or any other person or corporation, or conveying any rights

or permission to manufacture, use, or sell any patented invention that

may in any way be related thereto.

This report has been reviewed by the Information Office (01) and

is releasable to the National Technical Information Service (NTIS).

At NTIS, it will be available to the general public, including foreign

nations.

This technical report has been reviewed and is approved for publica-

tion.

CHARLES T. LYNCH~~~
Senior Scientist

FOR THE COMMANDER

~AIL E. EIGUELMAN, CHIEF
Metals Behavior Branch
Metals and Ceramics Division

Copies of this report should not be returned unless return is required
by security considerations, contractual obligations, or notice on a specific
docusent. 
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FOREWORD

These Proceedings are published from the AFOSR/AFML Corrosion

Workshop held in Dayton , Ohio , on 17—18 September 1975. The meeting

W88 held under the auspices of the University of Cincinnati under

Contract F336l5—73-~CO5O84 with Professor M. Hoch as the Principal

Investigator , and Mr. Oscar Srp as the Project Engineer. The Pro-.

ceedings were edited by Professor M. Hoch and Mrs. Jean Gwinn of the

University of Cincinnati , and were distributed to the attendees and

a limited number of other interested scientist and engineers.

The work was performed under Project 7351, “Metallic Materials

for Air Force Weapon System Components”, Task 735106 , “Behav ior of

Metals”, in conjunction with the related Inhouse Work Unit 73510682

(now 2~il8O3Ol), “Environmental Effects”. The Air Force portion of

the prog ram was conducted under the technical direction of Dr.

Charles 1. Lynch (AFML/LLN), Metals Behavior Branch, Metals and

Ceramics I)lvision , Air Force Materials Laboratory, Wright—Patterson

AFB . Ohio , and Li.. Colonel Richard W . Haffner , Chemical Directorate ,

Air Force Oft ice of Scientific Research , Boiling AFB , Washington , D.C.

nit ’ orig inal supply o t  Proceedings has been exhausted , and because of

cont inuing requests for broader distribution , the Proceedings are

being d ist r ibu ted .15 a Technical Report. The assistance of Mrs. Sally

C.irdtii’ r in the preparation of the manuscri pt is gratefully acknowledged .
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AGENDA

AFOSR/A FML CORROSION WORKSHOP

17— 18 September 19Th

LOCATION : Imperial House — Nor th
2401 Needmore Rd on 175 N
Dayton , OH 45414

SCHEDULE :

17 September , 1975

8:00—9:00 Registration

9:00—9:15 Introduction and Opening Remarks — Dr. H.M. Burte

9:15—11:30 Presentations by representatives from AFLC , ASD ,
AFOSR and AFML

11:30—1:00 LUNCH

1:00—5:00 Workshops — Topics to be discussed :

1. Coatings and Inhibitors
Ii. 5Accelerated Testing and Realistic Test Environments
III.. Environmental E f f e c t s  on Crack Growth Rates

5:00 MIXER (Italian Room , Seven Nations Restaurant)

18 September , 1975

9:00—11:30 Workshops — Topics to be discussed :

IV. Stress Corrosion Cracking and Hydrogen Embrittlement
V. Environmental Degradation of Electronic Materials

VI. New Approaches to Corrosion Problem Solving

11:30—1 :00 LUNCH

1:00—4:00 Session -. Discussions on workshop conclusions ,
immediate and future action items

iv - 
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SPEAKERS

AFOSR-AFML WORKSHOP ON CORROSION PREVENTION

17 September .1975

9:15 — 11:30

Open ing Remarks

Dr. H.M. Burte
Chief , Metals and Ceramics Division
Air Force Materials Laboratory
Wri ght—Patterson AFB , OH

Welcome on Behalf of AFOSz~

it. Colonel R.W. Haffner
AFOSR,NC
Boling AFB
Was hington, D.C.

The Role of the University in Research Today

Pro fessor M. Hoch
University of Cincinnati
Cincinnati , OH

AFLC ’s Corrosion and Maintenance Problems

Colonel L.C. Setter
Director of Aerospace Systems
Office of DCS/Materiel Management
Wr I g ht-Patterson AFB, OH

Corrosion Problems Encountered During Acquisition
of AF Weapons Systems

Major Thomas K. Moore
ASD/YASM
Wright—Pa tterson AFB , OH

Corrosion on Rela ted Aircraft Structure

Howard W. Zoeller
A FML / MXA
Wright-Patterson AFB , OH

Advanced Metallic Structures Technology Programs

Dr. V.J. Russo
AFML/LLN
Wright—Patterson AFB , OH

V
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I .  COATINGS AND INHIBITORS

Includes Metallic and N --inctallic Paints , Plating, etc.

Chairman : Phil Parrish , ARO 
-

Recorder :  Ga ry  S tev en ’;j n , AFML

II. ACCELERATED ‘l’ES l’ING ANI) REALISTIC TEST ENVIRONMENTS

Inc ludcs Corrc~ ion Pred l et  wn -

Cha i rman : Bob Summit ~~, MSU
Recorder : Fred r’1~’yc r , AFML

111. ENVIRONMENTAL EFFECI’ S ON CRACK GROWTH RATES

Inc ludes ~.or rosi o: i — - i ’ a t  igue
Corrt -ts ioii Res istant  Mat~’ria 1s

Chairman : Eli is \‘ rlnk , U. o t  Fla.
Recorder: Ki c i t  Bh.uis.i ii , A FML

IV .  STRESS CORROS ION CRA CKINC AND HYDROGEN EMBR ITTLEMENT

Chairman: I .M Bernstein , Carnegi e—Mellon University
Recor der: K i t  it Bhans.Il I , A I M !.

V.  ENVIRONMENTAL DFCRA DAFIO N OF ELECTRONIC MATERIALS

Chairman: L..1 . We i rick . Sandia Labs
Recorder: Fred Meyer , AFH L

V I. NEW APPROACHES TO CORROSION PROBLEM SOLVING

Cha irman : W . A .  Thompson , WR A IC
Rec ord er :  F .  Va hid I ek , . \ i M l ,

A major fac tor  f o r cons I ~l i .~t ion in each workshop should be possible
reduct ions in the tremendous ma m t  enanec costs now being incurred and
expec ted on fu ture  .1 i re ra t  t sv s t  ems.
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WELCOMING ADDRESS

Dr. C.T. Lynch
AFML/LLN

Wright—Patterson AFB , OH 454 33

On hehalt of the Air Force Office of Scientific Research and the
Air Force Materials Laboratory , it is my pleasure to welcome you to
th is AFOSR/AFMI. Corrosion Workshop. It is sponsored through the
auspices ot the University of Cincinnati and we are deeply indebted
to  P r o f e s so r Michael Hoch , Mrs. Jean Gwinn , and other members of the
Un iversity Staff for their support. This is the first meeting we have
had , at least in recent memory , in which members of the Air Force
Logist ics Command, and several elements of the Air Force Systems
Command : the Aeronautical Systems Division , The Air Force Office of
Scientifi c Research , and the Air Force Materials Laboratory, have me t
together with leading corrosion experts from the academic community
t o  discuss the topic of Corrosion Research as It directly pertains to
the A i r Force Corrosion Problems . We also have representatives here
from the National Aeronautics and Space Administration , the Office of
Naval Research and the Army Research Office , and enough Industrial
peopli’ to keep us t m m  becoming too provinc ial.

It has been our growing opinion for several years that a new
fundamental challenge to corrosion prevention and contro l arising
part Iv f rom the high coSts of doing business and partly from the burden
01 operat  ing .111 increasing ly older fleet of aircraft for longer l i fe—
t imes , should he :imen,ihle to an enlig htened and vigorous research effort.
Essent i,il to  such .~n in’ t iat ive  is the bringing together o f  leading
members o t  tlit ’ academic research community with people in the Air Force
who see these corrosion problems on .i dail y basis. We believe tha t this

~ ill or i cut von to .i relevant base for proposing the direct ions our
t uture research should take. In using a workshop mode , we have the
o p po r t u n i ty  to obtain immediate t eedback and constructive criticism of
our present program efto rt s , and the opportunity for new , creative
approaches from the g i ve—and—take that such sessions usually include.
We wou ld also expec t  that as you re tu rn  to your respect ive  inst i tu t ions ,
ther e the p e r s p e c t i v e s  ga ined here on the problems we face will lead to
further creative app roaches  t o  their solution. Through this meeting
Von should .i l so gain insight en who we are , who is interested in what,
and where to proffer your ideas. We, in turn , are delighted at the
response o I’ s o many ot von to g I V t  t ree ! v of your time and talent to us.
The ult m a t  t ’ bt’ne ftc is rv o t t h i s  should be the taxpayer If we assume
even .i modest succ ess in these ef t o r t s .

Th er e w i l l  bc .i series of presentations by Air Force representatives
today b u o y e d  by t h r e e  workshops today and three tomorrow , and then a
cone lud ing o pen d i scu s s  ion session by all participants. The workshop

_______  
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1; sept . 1 . Cos I i tt ~~ -~ .ind I nht b t o  ~I; S e p t .  1!. .- \ cce l - r . i t  -d l e s t  tnt , and Real 1st i.. l est  Env t rou ment s

I.-’ Sept.  Ill. F t t v t t ’onment.t l i - t i  oc t  s en ~‘rae k ~rowth Ra t es

I S Se pt  . L V .  St  t ess Co r t’os ton Crack Ing and Hydrogen I- tub r i t t !  emt ut
1$ Sept . \S En~ t ronmetit a I t~ei~rsd~~t ion o t E le c t  ron Ic Mat ci  is Is
1$ 5~p t . VI . Now A pp t’o.t~ lies t o Cot ros ion P rob! em So iv i ttg

sign up f o r  only one w o t ks h o p  each day • ion may wa nt t o  he iii m e t e

han one on t he same 1a v , but t lis t t .i I t t t I ~ d it t I cul t  . Von ins V cc c k
and t or t h some • t’u t i t  mar inter t e t c  ~ It It I lit ’ tnt t ’ t  ac I ion w i t  iii n - ~ ott
if von change vet much. So p lease s e l e c t  I lie p , t t t  i cu i s i  prime liii c rest
group, and we will encoutage c tt.tttges on 1 v it the at t ondance is ext  t’ eme lv

Each workshop wi I I ha ye a d t sc t i s s  ion leader and .i i t e e  ide r as
m d I cat  ed en von r program. We w i l l  a! so have represent  at I yes o t hot ii t Ito
A ii Force Svs t  ems Couimsnd and .\ i t  i-’orc, - log is i c s Ceutmand ava ii . tb It’ I o t  eat ’ it
workshop. They will prep.t r e a sunimat ten et vent we t ’ kst t op -euc ins tons t or
the t ins t gene ta I soss (on. Ag.t in . cur thanks t e t ’ v o n t ’  a lt  1’tida nc ~‘ and
p.trt Ici patten. It is my p leasitt e to tnt todtt ~- t- the speaker t o t  out’
Opening Address: Dr. i l a t t ’ i s  M .  But te , Chiet  et the M e t a l s  and Ce t . t m i c s
Div i s i on , A it Force Ma C e U IS Is I abet at o t v • Al ’ Wr I gltt Aeronaut i ca 1 1 abc t a t  or t es

AF Svs t  ems Cenunand
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OPEN1NC REMARKS 
-
,

Dr. I1.M . Bur te
A FML/ LL

Wrig ht—Pat t e rson AFB , OH 45433

Air Force interest in c o r r os i o n  re s e a r c h  shouJ d not be surprising
t o  most of you, but there are some new dimensions to th is interest.
Eor many, o u r  pas t rese a rc h  inte r  ost  has been prima ri lv o provide
mater ia ls and processes for new a i re t  aft or miss i los , such as mot e -

cor ros ion  resistant materials wi t icl i  Jo net requir e ’ tha t we pay per-
formance or cost penalties. M ’r - re~entlv , we have recogni .’ ed t he need

o pay more a t t e n t i o n  to the cos t  01 ma into in ing ex i s t  ing f leets .  Our
exist irig fleet et ’ airplanes is getitig to be with us b r  mans’, manV years
and the cost of keep ing it o pe r at  I otto 1 is v e ry  la rge indeed . Corrosion ,
vOn will hear , is a big factor in th is , and the challenge is: Can
technology be app lied to reduc ing this cost Perhaps not enough
attention has been paid to the s’- ientit Ic aspec ts  of this problem .

Concern about corrosion is , et  course, not restricted t o  the Air
Fo rce. Any number of adv isor~ and st ud~ groups cont i nuousl y ~‘iew , with
a la rm , the costs of corrosion to the country and the need to do something
about it. Recently there has been increasing notiona l concern with the
need to conserve nonrenewab le resources , and ther efore to put even more
attention on being able to cope with corrosion. The extent to which some
of this enthusiasm for conservation represents valid cost effective goals ,
you mus t judge for yourself , but it has focussed attention on problems
akin to those we will be discussing here. Thus , there is reason to feel

— tha t what we do here may have value beyond the specific needs of the Air
Force.

I don ’t think I need stimulate von further about the general requ ire-
ments; we are going to hear more about them in the next two days. Let me
rather introduce and ask you to deal with a point 01’ view that is wide-
spread in this country today, perhaps even throughout the world. Many
users of materials and processes , the people who have the corros ion
problems , believe that corrosion research in the last decade has done a
beautiful job of adding to the scientific literature , of f illing the
research journals with papers , but has yielded little or nothing useful .
Despite the concern about corrosion , I have heard many people in the mate-
r ials app lication community say that there is nothing reall y new in the
way of usable things that are available right now (or that are’ going to
be emerging in the next five years or so) and that the problem is how to
better use what we have. Even in the scientifi .~ communit~~, despite .i lot
of talk about the need for research , there is little confidence. Just six
weeks ago I listened to a nationa l level research advisory group meeting at
which one participant stressed the need for corrosion research to cope with
some of the same challenges that I have just mentioned , and almost every—
body else in the room jumped all over him (1 just sat and listened~ sa y ing

3
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“We accept all that  , but the prehlt~ms ar eS j ut;t too dii icult in corrosion
to do good and USc fu I I o~’us. .e ’ Lt ho i resk .l rc I i .  ilt. ’r ’e ar e no good ideas ,
there are no good ap ro.e ’hos I t’t ’ s just sit back and let NSF fund some
basic chemist r ’y and mav b&’ St - O t t - i  it i r tg w i l l  pop o ut  someday.” These a re some
of the thoughts and pet -

, e ; ’ t  I c i t s  th at pervade much ot the sc ien t i f i c  and
engineering community t oWe-’ . in the next two days we , h r  c , must  t e s t

this poor prognosis - is i t v i i  Id tnJ is there r e a l  lv not much we can do ,
or can we- id ent i iv and J e t  in e ’ te ’ .~ ~nd promis ing spec i f i t ’ direct ions for
corrosion researc h, or op p roac i le -s  w here development mi ght be attempted?

To do thi 5 we h~ vt ’ b rt ’ ~~ t o g e th er people who have an int imate
knowledge ot  the ~‘os si b il • t i e S  and pco i ’ l e  who o re very familiar with the
needs. Some ci  on , pa r ti eu l , i r iv  t hose involved in co r ro s io n  r e s e a r c h

- - should propose the pos s i b i l i t i e s , these are-as ot sc ie n t i f i c  research
wh ich m ight he more f ru i t  t’ul t han  o t h e r s , w hic h right y ie ld  something.
Those of you who o re  c lose t 0 ~-n~~ i nec r i rig and maintenance titus t net on lv
ta lk about t h e  get te r  ic , b rood needs . t hc~’ must he lp Jet inc somot hi ii we

have called “w indows” , the s p e c i f i c  use p oss i b i l i t i e s  whic h not only pro—
vide focus to research hut enah I c ’:’u to judge what it tak s to  make a
given id~-o use I , and dot i tie t ht - re -al pa rameters th at inns t he s I t ,  l ied
Let me give you an exa mple (on top i,- o the r  t han co rros ion so ~is not t o

bias your thinking) ot  what I mea n b~ t generic nee d and .1 window , and
of a majo r  AF program t h- it  e -me -r~~cd from iii ac t i v i t y  l ike our workshop.

One of  t he ma j o r  t a ct  c ro  in the cos t  of building and maintaining
airp lane’s arises from the w i v  that we now put them together.  Currentl y ,
we take thousands of l i t t l e  parts  and r ivet or bolt them together.
Not only is this a majo r  clone-nt in the cost of  production, the holes
act as fat igue crac k unit iot  ors repair ci which is a major cont r ibu tor
to maintenance co s t .  It we -ould f a b r i ca t e  airplanes by adhes ive ly  bonding
large pa r ts  instead ot  mt’chan i ca l iv joining lots and l o t  s of little parts ,
we mi ght eff ect maj o r  sav i ngs .  As lo ng ago as the fort it s , I remember
seeing a p icture of a W1~ II k-vp suspended in the air t rom a small adhesively
bonded j o i n t .  This was a t amous p i c tu re  used to advocate the magic of
adhes ive bonding , ve - t  we s t i l l  don ’ t use adlie ’sive -l v bonded primarY st ruc—
tures in a i r c raf t .  When von next enter  a 747, look at the door where some
of the sheets are laminated t oc e t i ie r , and notice that there are lots of
bo lts or r ivets also joining them (“chicken bolts” nome ca ll them) . The
probl em is rio t in strength of  a rt  ideal bond , it has been in reproducibilit y ,
re l iabi l i ty , and durabil i ty in service. About o year ago , dur ing  a major
workshop like this , many fe lt tha t the c h e m i s t r y  and physics of why this had
been true in the past was not understood , and that using this knowled ge
one mi ght be able to develop and demonsttate the reliabilit y of major bonded
st ructures for primary a i r f rame use. This was the possibility. I’ve
a lready talked about the generic ne-ed to f i n d  lower cost ways of fabri-
cating a i r f rames.  The next s t e p  is to define a specif ic “window” , a
credible speci f ic  po ten t ia l  appl icat ion fo r the technology . This helps
to sel l  a program , it generates enthusiasm in -ill contr ibutors, and most
important, enables us to de fine t u e  real problems to be solved . It also
gives us a baseline aga inst  wh ich  to  measure our progress. In this case we

-4
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p icked the t uselage which the AF was building for a new genera t ion o f
transport vehicles. The prototype aircraft is being assembled in the
standard way, using mechanic .’il fasteners. A follow—on production decision
is far enough In th e future , however , tha t there is still time to develop
and test a new adhesive bonding technology and a portion of the same
fuselage will be built using bonded structur e . This , I f  successful , wi l l
provide a technolog ical .i i ternat lye I t ’~ t nt’ produc t ion dccl sion. More
important , however , th e- window provides a baseline : one can measure the
new technology against the standard technology, and can identify the real
problems that have to be solved , it tells you what it Is you have to
accomp l i sh , and he lps  g ive you enthusiasm and a sense of accomp lishment.

in  our Workshop, we want to stimul ate- each other into generating
spec i f ic  research ideas , o u t !  see- Ing it we con matc h them with spec I lie
windows , if we .‘i r -  very luck y some - ideas that emerge may already be
backed by out t ic ient  research that re- duct  i o u t—to—pr . i c t  j e t - programs can be
proposed . If an “ innova t. I ye” new idea or app roach is sugge-st ed (“Innovative ”
to some , “ra dica l ” to ot hers) I hope you will d iscuss how , In order to get
to wor k , it wi l l  have to solve th is , t h i s  and this problem instead of
saving ‘‘ t ito t ‘ a era  / w i l d  Idea , i t won ’ t work I or • Iii o and this reason •
In other words , y o u  will commu n I co Lt ’  w i  Ut e, tch other i nste-~ d of  p re-ac -hing
to ear Ii other .  I hope you won ’ t be over ly  t ue - go t i vt , but a iso you will not
hesi tate to expose the problems involved . Othe rwise your research ma- ,
fo l low the wrong d i rect  ions and v Ic Id a “pret t y” result which nobody wi l l
ever use. (Here is where a “window ” can help. )  However,  even i f  we are
not so fortunate , I hope that t h e  least we product - w i l l  he a better
appreciat ion ot what the real i n— s e r v i c e  problems are , what the conot raints
are tha t solutions must cope with it they are go iu,g t o  be usa ble In a rea l
wor ld , and what new focussed research might be s ta r ted . The AF is looking
for add it lona l proposa ls I or research oh t h i s  not ure . I am sure that our
co lleagues here from other Governme n t age -nc It’s have - s imi lar needs.

During the f i r s t  part  ol the day , W e w i l l  g ive  you an overv iew of
some Air  Force problems. Wv w i l l  t hen Ine’~~t in sm.i II er g t e t u p s  combining
some who know the problems w I t hi some who have a 1 t n I ing t or the -~c i cut. ii ic
po s s ib h ies . It won ’ t be e.tsv , we w i ll h ove to spent ’ t ime’ learning to
commun icat t .  Don ’ I Lies i t . it  C t o  s u r f ace -  dl ft t rene’t’ s  . it  von don ’ t under-
stand each other , ii you think sons-o ne Is m iss ing  .i pit i nt , don ’ I hide I hat
fee l i ng ,  sur fac e  it and de’a I w I th it . Be ob j t - c t  I ye vet support  I ye ,
conunun i c a t e ’ and s t imu la te ’  each other.
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WEI .Cot-li- ON RKHAI,l- ’ oi’ A F’osR

Lt Co lonel R. W. hlo I lner
A FOS R/NC

Ho l ing AFR
Was hington, I). C. 20112

Coed morn ing. Thank von for -omIng . M v ]  oh Is to w e - h  c - ti me ’ \‘ ciu

and express our appt -ec lat ion to  von t or coming. As von not hea rd ,
t lit-re ’ art - severa l things we would lIke to have you do. First of ,ull
understand our prof- t I ciii and , second lv  , help us by giving us sonic

- - d i re c t  Ion i t~ t hat ~ 5 ~~~~~ I hi l t -  au th I think it is. I was to  I king t o
l)r . Lynch the other eia~’ and 1 so Id, ‘‘Ted , I don ’ t. have any s l ides t c’
s how and r haven ’ t prepared a s peec hi. ’’ He so 1(1, ‘‘ If on don ’ t have
any s 11(1 c-s or i spe -ec h , then ycu cu ought to t o il a oke ,1~ rep II eel,
‘‘ W e l l  , I don ’ I know any e’ c-t u- u- os ion okes . ‘‘ He responded , ‘‘ We ’ l l  do
some’t hi ng . “ I answered that. a I I my lokes were corroded , had lv cc r re i c iec t
but tha t I di dii ’ t have’ any corrosion ok~-s . There ’ f ore , I t ii ink I w i l l
omit the jokes and maybe we can get together later at the ml xer and
have a 1 i t t l e ’ fun .

In the meant [me , Le t  me emphas I ~~~ seve ’ra I po t nt s . For I lie i~ i rot
t ime in a long t ime , just  in the h ist f ivy years , t remendous Inst ru—
menta l t echn I quit ’s hove been deve loped that ar e no~ ova I lab 1 ‘ and re-ati~’
t o  us e for Invest i got log our lace- react Ions in great d e t a i l  and in
oniaving prec ision. We can l i t e r a l ly  look at a su r f ace , p ic k o f f  atoms
one at a t ime , examine them and or I c’k t hem hack on the ’ surfac e ’ . \‘ c i l t

are all font 111 or w ith  t hese- mans’ ona Iv t I c’a I t c-c hn I ques t hat can now
be used t o fo l low chemIcal react Ions . Corrosion as we know I t , and I
spea k of it very  ge -t ie ro ll v , oct nirs at  a su r fat ’ e and Is a chemica l
process . The t t ick is knowing a l l  the ehem (cal  .uspec to ei f  these’ re’—
ac t  ions oe ’ curr itig at t he stir I ace s~t t hat some thi l ti~ ’, can  be done’ about!
inli lb I t ing or prevent ing e ’O rros ion. I’m not I cue I enough to  disregard
the’ laws ci I thermodynamics and so ~ ‘ t hat we a re’ going t o prevent all
corros ion.  Certain I v we canoe t gold p lot  e a 11 our opera t totia l e’qu I pment
or store it under an inert atmosp here. We have o operate where the
so It spray and t he high h u m  I di t y Is and ott rv lye a l l  the ot her host i t t’
environmental fac t  ors as well . But von will short lv hear of the
problems : the cost t o  t i le ’ Air Force , the d i f f I c u l ty  iti maintaining
the ope rat tona l fleet and the support i ng ground e’qu ipment and the
ci cc t ron it ’s t hat go wit hi it . We .i re not dea l ing here w i thu common ,
mund an e cor ros Ion problems such as wha t happi - no to bo i lers tha t are
rot t  Ing away on A ir  Fore -c base’s ; we’ are concerned about the high dot b r
va lute equipment t hat require’s ,in e’xo r bi tant amount of money to maintain
and keep opera t tona l . You w i l l  hear ,ihout thai hater  so I am not go lug
to s te al any thunder from t h es e ’  speakers , exc ept  t o  say t hat corrosion
problems cost many hundreds of m i l l i ons of do l lars .  Needless to say
If you could reduce’ any of that cost  by even a small percentage - , It
wou ld sOve ’ the A i r  Force a lot ot motiey. I thitik that is wha t we are
interested in, not tha t we are’ going to  elimina te corrosion complete ly
because tha t is probabl y an imposs ible task. But we can cut these c o s t s .
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Wt’ i l ,R ’ t ’  hue ’ prcub tern ~if ex t  c u d  i n g  the old standard mater lois of
cons I rule - t ion to  ulewe r more- exacting j  ohs and alOe) t lie prohil em of
learning about t he ht - Iuo~ I or c u t  new mater to 1 S coming along. I can
remember some ’ c’ I t he’ new Iii glt ot reng th u aluminum a l leys t Ito t we
“snatched ’’ I routi Ahte 11\ and lint ott  mi so i l  es In the lat e~ 50’s before
we rca l iv  understood t lie me- t a ! lurgy cu t t lie heat t rea t i ng  processes
t hat were reelu i red. We found tha t we had brackets and things made
out of these- at  t ev s  that suddeuilv developed s t ress  corrosion problems
and no one knew what t lie so lut. Ion was. So We’ went back to the
drawing hoard . lu other words we’ have new mater ia ls coming along
tha t we understand very I i tt It’ about and old mater ia ls  we are pushing
t o r i her and tart her as we use ’ them to c onstruct very sophist icated
equi pment. The t c ita l  nu~ut o r b  Is problem Is immense. Anything we can
do to limit , ce nt ro l or prevent cor ros Ion is go 1mg to save money .

Ago in, I wi l l  thank out .u I .1 for coming. I hope- we can have
a re laxed atmosphere tha t will f o s t e r  some good old fashioned brain-
storming. 11 vet u have an idea don ’t be hesitant about tossing it
tint b r  d iscuss Ion, Pe-~ p l t -  may ta ke shots at it but don ’t worry about
that . Commun i co t t - If  on have some ideas nOW is the t ime to try them
out on your ~-o L leagues in .tu informal workshop surrounding and let ’s
st- c what comes out ci t it

I can ’t agree more - with t h i s  concept c - ti gett ing people who can
do good research .il igncd w i t h  spec if Ic needs and problems , because
I see many proposals tha t represent good science- but are not very
re ’ levant . A man wi l t  come’ in and say , “I would like to look at the
110 sur face  c i f ~t pure t ’ rv s t  al o I tuflgStet l~ 

“ I wi l l  answer , “Look ,
we ore not using ve ry much tungs te -Ii in airplanes any more. Can you
look at  t itanium ot aluminum al lc uvs or something that is a common mate—
riai c u t  coust rue’ t ( c i i i? ’ ’  He ’ 11 gen e ra l Iv say , “Sure , is that of interest
to von?” So , part of my j ob is to get peop le with ideas , good , inventive
ideas with creative rest-arc -hi objectives together with real Air Force
needs. This workshop Is a imeel at do ing just that

The other problem now is tha t we just do not have enough money
to push back al l  t h e - s e ’  f ront iers at any reasonable pace — it is just
impossible to do so. There f o re ’ wha t we have to do is try to focus
upon and do those things which have the highest probabilit y of payoff
with the limited dollars that we can spend .

in summary then , we’ must acquaint the scientific cotmuunity with
Air Force’ corrosion problems , encourage proposed solutions , and try to
fund the most promising of these. Today we seek your advice and
guidance in formulating a policy and a program for corrosion prevention.
We will be looking at the output which you people will have as the
basis for spending basic research funds in this area . It is important
to us.
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THE ROLE OF THE UNIVERSITY IN RESEARCH TODAY

Pro fessor Michael Hoch
Univ ers it y of Cincinnati
Cincinnati , Ohio 45221

Gen t l emen , sonic of you may have heard wha t I am going to say nOW
because I have been talking about this for the past five years. Ten
years ago a meeting where an industry group like th e Air Force would
meet with academic people would not have come to fruition. University
professors are very independent by nature; that ’s why they go to un i-
versi ties to do what they wan t t o  do. Ten years ago everybody did his
re st-arch and , as Harr is Burte so Id , it filled the journals——one could
not read all of the papers published but they were needed for promotion .
Abou t five ve-ars ago , a significant change occurred . Industry and
bas ic research laboratories got reorganized and it suddenly became
apparen t that university pu -op le , engineers and scientists , ought to
work c-l oser with industry on some of its problems . Some faculty mem-
bers refused ; oth ers responded to the challenge . We still have to keep
in mind at the university that we have to be independent; we cannot just
be a t  the whim eif t h e Air Force- or Industry doing their work hee aust- then
we may as we ll do it there - . The facu l t y  member has to keep In mInd , first ,
t hat “his research has t a  he ’ sc ient i Ilcal lv interesting and t e c h n o l o g Ic a l —
ly important ” and , second, “It is easy to per form and teach good science ;
it is very d i f f i cu l t  to perform and teach good engineering .” Also , for
th u e engineer , bot h in Industry and in the academic world , the m a i n  role’
is j dc ’f lt i fy ing the problem, ana l v~ I ug the problem , and so l v i n g  the’
problem . The first is the most d i f f i cu l t ;  the last the eas ies t  if the’
first two are  accomplished . It has been noted that the supermarket
appeared because someone intr cueluuc - e-d the four wheel cart in which the
housew i fe  wou ld load her grocer ies  and titus he able to move around un-
hampered . To provide mobility for the housewife’ in the s to re ’ was t h e
prob lem .

In academia , we teac h students , and we have’ to emphasize , t ha t  t he
“eng ineer ’s wor k should he techn ica l  lv sound , economical lv feasible - , and
s I lice - 1970 eco log ica lly neut ra I .“ Apt It uidt’ t c u  r e’ng ineer lug  is born wit hi
the individual and developed i-tv educat ion and tra ining; it Is di If icul t
ii i acquire - it . One of our ma or lout its has been over ti le’ years I cu spoon—
feed the students. We have t ci inst Ill in students  tile’ oh l I lt ~’ and w i l l  lug—
ness to think for themse lye’s and t ci ot and on the i t own I e’e

S ince 1970, I have felt that indust rv , uute l this ine- ludes the’ Govern-
men t , wi ll need a lot of re’se’a rc ’hl done and w i l l  provi de funds for it as
you heard the two speakers say before me. A large fract ion ot th is
researchi will be carr ied out in cc mnec t icm w ith u n (vets it leo in sc I e ’ t ic ’ e’

and engineering departments. This is so hie ’e -au ,se , In sp i te c ut  wha t people’
say , nfl iversi Lit -s are more’ II t-x i h le-  than indust i v  and government

8

________________________________________________ — —.-~~~~ i,’ 



‘~~~~~~ ~“~~‘~~~r ~~~~~
- 

~~~~~~~~~~~ 
—

~~~~ 
-- 

~~~~~~~~‘~~~~~~~~~~~~~~~~ 4-.-~~_- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-‘~~

-. —w 
~~~~~~~~~~~~~~~

I, 

~1

Universities have one big advantage: there are graduate students
who , together with the professor , work on a problem using a certain
approach. If it doesn ’t work out the student still gets his degree
and the approach is put aside. In both industry and government it
is easy to start a program but it is very difficult to stop it , It
is important that faculty members learn to work with industry that
they keep their independence and have their own ideas , but. that they
make no policy decisions connected with industry they work with.
They ought to operate according to the principle of Herbert Stein ,
the economic advisor : “Be an expert on tap and not on top .”

Finally, I will terminate with the standard statement of the
materials coninunity: yes.. .but .
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Ai- LC ’s CORROSION AND MAINTENANCE PROBLEMS

Col. L.C. Setter
Director of Aerospace Systems

Office e u f  DCS/Materiel. Management
Wrigh t—Patterson Air Force Base, Ohio 45433

It was very interesting to hear the remarks by the previous
speaker regarding problems , in the Logistics Command we have all
s o r t s  c if data coming in and as an enginee- r and now a manager , I
can te ll you that our major problem that I can see is trying to
f ind data I can believe and trying to find a manager who will ad-
mit tha t he has a problem . Once I can get the manager to admit
that he has a problem , i t seems te -t he quite easy to go out and find
people to solve it. But managers don ’t like to be disturbed , when

- - they admit the~’ have a problem 
— that ruins thieir whole day. I

have the unenviable’ job of monitoring the condition of all the old
aircraft in the Air Force. I also have drones , ballistic missiles ,

- t  and some other things and I have two Boards , one o f which approves
modifications and those run from about half a billion to a billion
per year and the other Board approves depot programs . Of the sixty—

- 
- f ive fleets of aircraft , about a third of those come in periodicall\’,

every three or four years , to the depots for an overhaul. On all
s ix ty—f ive of these f leets we have a sampling inspection every year
ca lled an ACI program, Analytical Condition Inspection program. This
means that we take a sample size of about 11 or 12 airplanes out of
eac h fleet and do a very indepth inspection to find out not only w ha t
is broken today but what is about to break next year. So we get a
repor t card every year on all of these fleets. That information is
princ ipally what I am going to tell you about here. The one Board
that I have — the MRRB, — Maintenance Requirements Review Board ,
reviews all these on a continuing basis , but principally during the
summe r mon ths , so we come back wi th very nervous feelings as to where
the fa tigue is , where the wearout is , where the corrosion is. So
with that , let me launch in to these words to give you a feel for seine
of these specific problems and what the costs are.

We used to think the major problem regarding continued air-
worthiness of our aircraft was the condition of wear or wearout.
Since many of our weapons systems were increasing with age , we now
have B52’s that are roughly 20 years old , F4’ s that are fifteen , even
our CS’s are showing signs of old age, we thought the wear problem
was a very serious one and we thought that was the reason we brought
airplanes into the depot. Our technical evaluations over the past few
years have revealed that wear is not nearly as destructive a factor as
corrosion . Corrosion presents a greater problem than wear due to the
unknown factors which weigh in the situation and our inability to
accurately track or predict corrosion. We don ’t know how to project
that an airplane is going to be corroded . This is true even in avionics.
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It ’s true to some degree- in eng ines , it ’s t rue to a large degree
in the structure itself. So don ’t assume tha t corrosion is hitting
us just in the struc tura l  area , it ’s no t , it is a very serious thing
in avionics also .

In the next several illustrations , I w i l l  presen t the corros ion
problem as we see it today, along wi th some background Information
which will explain events lead ing up to our present situation. I
will also address several AFLC findings which contribute to the cor-
rosion problem as well as some cost data for depot corrosion repair
on a few selected aircraft. In the conclusions section I have a
number of areas for consideration which hopefully will improve our
a ircra f t cond it ion in the years to come , and wi l l  enable us to more
preci sely de f ine  wha t our main tenance req uiremen ts are , thereby
reducing costs. Table I lists the key elements considered .

Some aircraft seem corrosion prone right from the start , the
C130 is one of these , and by the way none of my remarks are intended
to offend any person or any company , I am just telling you what we
see. The Cl30 started indicating corrosion problems quite early in
its life. Corrosion in the design phase of a ircraf t produc tion is a
matter of concern to our engineers and considerable progress has been
made in this area al thoug h the problem cer tainly  has no t been comp letely
elimina ted. The Air Force Logistics Command as a Command does not have
a great deal of contro l over this design segment. Once an aircraft
enters the active inventory , it then t ransitions from Systems Command
over to Log Command.

One impor tant aspec t is the environment in which the aircraft is
assigned . Unfor tunately , our operationa l commitments often render
aircraft reassignment from base to base impractical. In other words ,
we cannot manage a fleet to avoid corrosion , al though we do try. The
recently concluded South East Asia war env i ronment is a case in point .
Several aircraf t , notably the BS2G which was on Guam and the F4’s which
were all over , suffered considerable corrosion deterioration during
their tenure in SEA. In addition , large quantities of a particular
model and series subject to this environment have created a forcewide
condition . By the way force has replaced the word fleet for obvious
reasons. So we talk about a “B52 force” now , I guess we don ’t want to
use the Navy term . The cost impact of these corrosive conditions will
be discussed later when I address the depot costs for corrosion repair.
Although Southeast Asia was particularly bad for corrosion, we also
have some locations in the U .S., such as on the Gulf Coast , Patrick
AFB, which is a dreadful place for corrosion , t hat are jus t as had as
Sout heast Asia.

In ear ly  1970, we initiated a study group to develop Depot Level
Maintenance Requirements based on sound engineering data . Surprisingly
enough , this had never been done. The Maintenance Requirements
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TABLE 1

AIRCRAFT CORROSION

OVERVIEW

• PROBLEM TODAY

• BACKGROUND

• MRRB FINDINGS

• COST DATA /

• AREAS FOR IMPROVEMENT
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Board develc ’pe d several management programs to better determine when
atrc ra t  t required depot ma inte’nanee’ and in what areas this main—

enance ’ was nt ’e-es s a rv  . The Board elet ermined early in Its existence
that the presence - of  corrosieiu was a I rea dy a serious factor on most
a i rc rat t . In add it i c iii thi s problem made It ext  reme l v di 11 icul t to
esta b l ish v a t  Id de’pot maintenance cycles due to the inabi I ! t v  to
pred ict from ~ear to ye ’ar t o  what ex t e n t  and in what areas corrosion
had deve Ic 1i t - eI . The’ p r~’b tern and a re -as of cotic e rn art ’ given In Table II

An exainp i e’ concerns t h e  c- 118 which is the mill tarv I)C6, a pr opell er
airp lane’ . Se ’ve ’ ra 1 v t -a i-s ago lb i s  a I rcra f t  had its depot cv ~‘i~’ e- hanged
I rom .~ s-ears tei v e i r s .  This three vt -ar cyc l e  appeared to be t he most
ic c e t t a  t e and cost t t I c-c t j ye - biased cii known coiid i t ions in supporting
engineer rat i c’ua 1 e . The MR R II f o u n d  • howeve i- , due to the t’ x t  e’ns i ye cc r—
ros ion deve loping in the I rite - t u le , s uch i reas as f loo r beam t i t  I ings
the wing spar caps , and the USe ’ lage - skiti lap jo ints , t hat cons iderable -
expend ! ture through drop— in ty pe maintenance ’ had ge’ne’rat ed. This meant
that many cf  these a i rp lanes could no longe r w a i t  3 years to get back to
the’ depot . l u c y  had t c c come hack fo r hit ’avv maintenance at some’ midpoint
:\5 a result c t t h a t  t or  the f i rs t t I mc ’ we decreased the de ’po t c c  le ’ on
that airplane’ to ~ y e a r s .  The proMems In developing maintenance cv c  i t ’s

are on lv t lit’ t ip ~i t t h e  I c-d ie rg .15 We’ sd e ’ I t .

Tre’a t lug corros i on begins at the home base and must be clea It wi th i
on a c l av —t c i — — Wi v  h asl 5 .  IU many ins tances , c it ~~~1iI i~ at iona i Un i t s  ar t ’
severe lv hampered in adeejua te Iv t r c a  t ing corrosion and in prevent lug
it from clcv c ’ lop ing. U n i t s  ire o f ten undermanned in their maintenance

~e’ rsonne I and I requen t lv a has e’ I ac-ks j  c o  r re cs Ion spec ía I i st  necessa i-v
to produce ’ gcio d rc’sult s. IIafl\ c lO t  f i t s  CISC ’ cc li rcs i on work for punishimt ’nl
So there is th at sort ot  psyc hologica l  problem and in add it i on many ot
t he c’nt’s tha t I have- seen ar’ very poor lv equipped. Fac ii it I c’s in many
cases are inaclec iua t e duel I c ’ c ipac it  V . a t niospheric cc c r cd  I t ions , ven t i Lit ion ,
c ir ~O5S lii i V t Ik’\’ don ’ t ex ist at ii I . Weather is another t a c t  or - Most
- I re rat t are SCh&’dtl 1 e’cI I c ’ Ice washed and corrosion c bee keel t ’vt ’ FV 30 CLiv s
this is ii~~a r lv impossible in many cc i i tier a reas for many months at a t ime’
As a re ’su lt a i r c r a f t  s i t  on the ’ ramp and det e r i o r a t e ;  fo r example ’, i .e ..
many c it  t h’  107  a i r t  iners f lv sent -t hing on the order of I to 4000 hours
a ‘c ’ar .  Our tank ’i-s w hich Ire- J s imi la r  ii i-c r a f t  I l’~ an average c it  ISO
hours per s-ear. Fhev f iv  one—tenth t lie amount t ha t  an air l iner f I l e s

rh~!v s i t  ciii the ramp , s i t t  ing ST OP a l e r t  with a t o l l  load c i t  fuel. Sc ’
Ve ’  U not c i ii Iv have c~’r rc i 5 ion s et  t I IIg iIi~ yOU ii Sc ’ have’ s t ress  c’or ros lon
They have ~i 1 ot o I land tug gear v’ rob I t’ms . Swa p1p Iii out I a tid I rig ge’~l r s
on a 1.1 rge’ f t  e e ’t Is a ve ry e xpens i y e ’ t hi rig. We art ’ now do lug i t  ciii t h e
B52 ‘ s i t ic i  t hit’ h - ~ lic iSe whet’ Is. iha t ~1lvc ’lVe ’5 somet hing l Ike ’ ~,OO0 a i r —
P l  t iles

l-nt rv of these u r~ r i f t  l nt c ’  t i e ’ depot is not tht’ end cit the 1 tnt’
Se’ t c i speak , and ch ic ’s lic ’ I c~ t e l l  e t lie good i-end it ion that you might
e xp e’c t . Neiw c it he’ r I c’  r~- es p rese -u t t hiemse I yes I c c  de I rae t b rom good
exj i ee - eel sd C it toilS . Flit’ t re ’ .i tmeiit c i  cc ’ r rc ’S I ciii iS • in most c ases , inch

Ii

• -~~ .~- - ~~~~~~~~~~~~~~~~—S. ~~~~-.a -- 
~c~~- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ —



- ..—,-‘—. — •---- —---‘—--—--- ,- -- •— -----.-‘-----, 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_-‘I 
~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

TABLE II

AIRCRAV I CORROSION

PROBLEM

A. • BACKGROUND

• DESIGN

• ENVIRONMENT

B. S FINDIN G S

• S MRRB

• CYCLE

• ORGANIZATIONAL PROBLEMS

• DEPOT PRO BLEM S
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if caught in t irne’ • a Ii.i e 1 e’v c -  I ma in I enallc - e’ task. When h~’s~’ tasks
arc de l-i ve’eI and Sc h i cc l t i  1 ed t or a c e ’e)mi) Ii shim ent at a depot the manpower
ma~ not he ~iv~i C lil’ 1 e . Our depe c I s a re ’ aut heir I ~ c ’ c! j  t ist  a c e rt ~t i n  nu mber
01 peO~

) it an~I W e t rv t c i I’dI t I blc’’~, pe cip Ic ’ oh t he - rn c ’s t  d i f f i c u l t  ta sks
things tlia t i ec pi  i i t  heavy ma tn t  ena tic c ’ and heavy equipment . Sc if we
have to puii these i’ c ’op le o ft and put them to working corrosion then
some he’cl v se l t  t cr5. Or hier work iS f le i t  it-compi ished

Now determin ing how much of a c er La in maintenance job is caused
bc- Cc ’ r cc’s ion is ~u vt’rv sub j e c t  I c-~~ t Iii rig, SO ~‘0et ‘ 11 have tc ’ t a ke’ my
numbers w i t h 1 grain of sa l t  i t  von w i l l .  The BS2 ~~’ s were ic ic - a t e ’d on
t ; hha rn  t or eve r t w c i c - c - i r s . near Iv ii I of the’m came h~ie -k in very had
cond i t ion. I h ive ’ act  ual lv poked my Pe n c ’ ii through the side cif the
B~~2G in u p ressurized  are -a • c c c r l c cs Ion wa s that bad. Every year we
hr trig about ~O B~ 2( 

‘ s hit c ’ t~k I alic ima C I ty  for overhaul; t hey average
over 12 ,000 manhours. Now these manhours cost us se mething like $20
per manhour. Of that • 9100 manhiours — we estimate — is caused by
c o r r o s i o n  wh i cli is somet h ing like -~0 1  • arid YOU C3fl See the kind of
money we spend cv c ’ r v  c - - c i r  j u s t  cm t he BS2C ’ s. Now these numbers were
quite interest trig to me hi C ’c~ ll iSd t hey were lower than last Year. Last
year c’Ur est  m a t e s  fe ir cc ’rrc ’s ion ran  more like 40 to 5O~~. Sec assuming
that we spend about tiOO m i i i  iciii clc ’ll~irs per year on depot programs ,
about 250 mi ll i ciii per y e a r  is spent on corrosion in a i rcraf t  structures.
The FlO~i ‘ 5 , 1oc~it ed at Tvnda I tin thic Cu If Coast , are developing very
serious cc’rrc’s ion problems . Many of you are we l l  aware t ha t  corrosion
and fat igue and c * e~ 1r ill wor k t ~‘gether — I will talk about that later —

hut I spend much ci f my t ime — i’ll t l i e ’ road working fa t  Igue problems . I am
try  ing to  get l I ce  f it  igue t r ig u l c e r s  m t  c rested in meshing the two
d isc  iplines tc ’get  her so tha t when we work a corrosion problem we also
determine’ the’ c c ’rros ion e f f e c t  on the fatigue’ life and vice versa . The
two work h and in hiand , hut I haven ’ t go t ten  anybody ’s attent ion so far.
1 hope some of  you w i l l  give’ thit Se’me’ thought.

The Cl41 Is a re la t ively  new airplane , but we have had trouble in
the bilge area . Any cargo plane is going to have trouble in the area
below the fore because tha t is where people spill hydraulic fluid,
co f fee , and the urinal always leaks. In the B52G ’s , we have spent an
average $10 ,000 per a irplane because of urinal problems . Sorry for the
subj ect , but it is a very  destruct ive thing. You can look In any old
transport and find common problems all through It. We have always had
a bat t le  with the base level maintenance people as to who should do
corrosion . We have always said they should do it because it is such
a simple jo b, It ’s s imple if you do the corrosion treatment when it f i rs t
st arts . And they say no, because the airplane goes back to the depot in
three years or so and thie depot will always fix it. That ‘s right, we
fix it but by then It is very serious. So , we haven ’ t solved that problem
yet .  The magnitude of current depot costs for corrosion repair is given
in Table III.
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A i .as I ci r imp rovc-n~-Ii t a r e ’ i vetu lii - l at’ Ic I \ . F i r s t  0! c i i  it is
imperat ~ve~ to cc r r ec t  the corrosion problem In i t s  infanc y before
it increases and depo t repair then becomes mandatory . So we feel
that de f in i te  improvement has got to be made at the c’rg5in lzationa l
leve l and we have the s t a f f  and the using con~nands working on t h is .
We rea l ize there are funds limiting f a c to r s ,  such as inadequate’
f ac i l i t i es  and some of  these are qu i te- d i f f icul t  to remedy. Another
is training, improved t ra ining programs are necessary for maintenance
tec hnicians to learn prol’et- corros ion t reatment tec h niques. On ly
t hrough proper incic ict rina t ion m d  increased emp hasis c a n  ev t - r v d av
cc r ro s ic i n care- become a real i ty .  As 1 mentioned earlier , most a i r—

- - c ra f t  are scheduled for washing every t h i r t y  days . Unfortuna t e - t v ,
th~’ genera l procedure cciiis ist s of a i re r.i f t  washing alone wi thout  a
comp lete cor ros ion t reatment by qual i f ied corrosion control s p e c ia l i s t s .
We have ’ made reconunendat ions to the Air St at f to co rre’c t th is.  Sc ’ , We
t e d  the most important sing le factor rema ins our inab i i i  t”.- to t rack
and pred L e t  c e r  Fc is jell. We ust don ’ t know hew t c ’ do it . A cc ’ r  r~’s ion
p red i c t  [ciii ma thiec mode’ 1 W i l l  J I low us to do two t hi ings F i r s t  , and t hie
most important et t he two , it will allow us Ic ’ dec s o t i s j i  i v i t v  s tud ies
to determine where is t he best p lace-  to invest money . Is i t  by buc- ing
primer (new p r i m e r s by the’ way run up te ’ $2 7 . 0 0  a gal Ion) we den ‘ I
know whether that will have a payoff or not . Some’ of the new pa j ilt
is \-e rv e’x ptns i ye ’ and it is get t ing more e’xpens lye. Some elf it re ’qu i rt ’s

rat her e x o  t It ’ cond it i ons  for app 1 icat ion. An a i r—cc ’nd it ioiit d hanger
with a lot ~‘f s I’e’c iii I equi pment i~i required to  app ly sOflie Of l i c e  new
pa j u t  , ,iiicl even then we dciii ’ t know If it is tune’ ii c ’l an lmprove ’mc ’uit
over the o ld paint . Many of you are we l l  aware ’ of all the var iab les
in at t e mpting to predict corrosion, ~-ou know it was not toc i IlIclIiV y o u r s

ago that peop le s i ld  we could riot pred icr fa t  igeic either. Well • in many
ca se s , 1 st ill say we cannot predict tat igue • but at le’ast we can come’
i let closer than we used t o .  If you have a C I t O , for examp le- . based
in  t he Phil i pp inc 1 s lands , i can tell V c 1u fo r  eer ta  in t hat in tw o c - e a r s
t h e ’ ~i irplan c’ wi l l  have a ve- rv  s~’r ions corrosion prohi c’m m d  I can I t ’ 1 1

vo ct right whe re’ It w i l l  he. We used to div ide ’ c v c i  Ic t es t  data bc- .m
scatter factor ~‘ t  four , 1 think I could gue ss  c lc ’set  thi~uii t hat iii cc lr
ros jell) tod i c- . I tic ink many of von c’ e itt 1 ci .ul so . In fa t  i gue’ , w e’ a I Se’ CI S c ’

~i e’chn i q ice cal led ‘‘ 1 dent i t  ica t ion of hlcit 
~~~ 

I 5. ’’ We’ i cI~~nt i t  c- on t lie
F-~, f c i r examp le , selme t h I r t v— n i n~’ hot s p o t s  in the’ a i rp lane tha t  w i l l
a lw .ivs t a t  igue f i r s t .  We ’ t ra c k  these , we inspect thes e’ are ’as , mci I
Woti Id li ke ’ c - o c t  to cc ins i clc ’r as a s imi la r  t ccliii ique . I dent it i cat  ion et
co rros ion hot spots  and t rae-k I hc ’sc ’ by f intl lug out what is I he’ mater i.cl ,

how c’ t~ t en is i I paint eel • w hat k intl o t pr imer • Sc’ t he’ Crew Cli j e t  de iesii ‘ t
hiave t e l inspect the who it ’ at  rp lane . hit ’ caii i ilSl’ e’c ’ t ins I those c e’r t m  in
hot spots , . iSse ’SS the conel it ie c ii and i f  he’ I i rds e’drta ii) ce)fid i t  tolls t he’i’e-
t hen the airplane got’s d lre ’e’t lv j ut 11 ~‘o rtos ton t re a tmen t . We ’ Se’t’ cc ’ r—
ro 5 t c’ ii as oi.ur ma~ or s I rig it’ p rob 1cm in the 1 .c’g i St ics Conniiaiid as I ar is
depci t maintenance cc is Is are ccihic e rne’d , Sc ’ I am qu I t e’ opt j u t  is I ic t ron c-~t i~i
Dr. lync h (AR-IL) has told me chout his math model that w .  can cle f inc
cor ros ion and come’ up w i t  hi Se)md thc i rig far he’t t e r  tha n a l l  I he met herhood
statements We’ have heard In t he past aiid I dciii ‘ I me-al) 10 put deiwn any
0 t the research work that has been done - Some oxce’ l ien t work hu~t s been
done . Rut We’ must f [net a way t ci lired i c ’ t md clef inc quant it ,i t lvi ’ I c- whia I
is It that is c’.IUs lug c’or Fccs ton .mnd what is t he’ best way we’ ~‘aui i n v e s t
some money te l  slow It delWii or prevent  i t
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TABI.E IV

A IRCRA F5r CORROSION

AREAS FOR I~~~ROVE MENT

ORGANIZATIONAL AND INTERMEDIATE LEVEL

• TRAINING

• CORROSION TREAT AND INSPECTION CYCLE

• CORROSION TRACKING AND PREDICTION PROGRAM
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QI’ I:S- rIoNs AN!) ANSWERS

Ques II tin: how a re - t h e ’  ha so 1 evc’ I ma t nt  duane ’ e programs conducted —’

Answer : Wc’ have m a  (ii i c - mi  inc - programs now I hat say t o t he base I c-’ve ’ 1
ma tnt e ’t ianc - people you must put c-’our F4 ‘ s in phase inspect ion every
bOO t ly ing hours; or in e it her f l e e t s , it w i l l  say (‘very 60 to 90 ~tavs .
When t hit ’ a I rp lane’ got- s in fc’ r Im,t t I sochrona I or per led Ic- ’ inspect ion,
it i s  It’ hc~ w ashue ’c!  and g iven some’ ce rre is  Ion t reatment . The 85211’s ,

-
- - 

w hen I he’v we re luc re- at Wr igh t—P a t terson, were to  be given a three day
c- ’o r ros ic- u i  program , 1 be ll  (‘V t~ It was -v c- rv  60 da’c’s . Wright—Pa t t ers on
Is pret iv had to  r co ri- c- ’ S (c - i l l .  I ‘ m m i c - ’  t sri r - c i f t lie’ 60 dnvs hut I am
sure c i t  t lut - - three dac-’ s . Whiat ihia t amount c- c1 t e l  was the f i rs t  day the
B52 got washed (it takes al. l day to was h one); the second day they
(lid seime’ mino r ~-cirros ion work;  and the t hi rd day they got the air-
p lane ’ ready to I ly t i:c t ou r th  day .  So we found tha t the airplane

• did not get rea l ly  three- d:uvs of  ‘ o r r cc s  ion work,  It got one day or
less .  So there Is a strong tendency tc i  put o f f  corrosion treatment
hecatis - it Is not go t r ig  to “bite  me on my shi f t ,” It is going to lilt
some body e’ 1st ’ f Ive years from now . I sympathize w i th  the operators

• I’ve spe’uit many vt-a rs as a p 1 lot and re-a l I ze ’ tim t nobod y can get
really concerned w i t h  something t hat Is go [rig to happen t o  an airplane’
f ive years or eight ve’ ;mrs t rotu now. I ‘in mo re concerned w i th  “ is It
going t o f l v  tomorrow .” Sec there ’ Is a diffi culty there’ In determining
who ’ s got t he u’ espons ( hI [ i t v .

- I Que’5 t [on: I was wonder lug more’ :ihoc- i I I he’ ceirros ton mat lit t’nane’e’ I t s e ’l f
I s It mainl y washing and pa intl tig ’?

Answer: It is .  The’ teip c - i f  t ii.- wi ng of the C14 I hitis cc- i rros ion around
t he fas t  c- t i e r h ’ads . in many o h  t h em if you walk a long the wing von w i l l

~ st-c- d l  scc i  1 ored fas te ner  heads • I rid (cat lug corrosion under the paint and
ve nt chi p away the paint and sure enough it ’s there. Well Ic - ’  get rid c - it

h a t  Is to ta ke a g lasc ; bead blast-  lug machine , an a ir pressure  machine ,
ho Id It down eve’ r t lie’ fas t  enc’r and tha t w i l l  c-lear all the pa in t and
cc- irrosiou away. You then sand It down smooth w i t h  emery c loth , re’ pr[me
It and repaint.  Wi th  t h i s  method you immediately run into problems .
Nobody wants to use I he’ g la ss  bead machine anywhere because the glass
dust gets in your ic-tugs , it gets in your hair and clothes and It is a
serious problem . It also gets h i m  the fuel tank , in instruments , and
the engine , so it is a ve ry d i f f i cu l t  thing to work wi th.  However , f t

can be very e f fec t i ve  if It Is used right . So [nstea(i of people c-ising
this technique, I found them using rotary f i l es  where they stick some—

— th i n g  In the end of an e’h’ct r lc  drill and proceed to buff the corrosion
o f f .  Wel l  they would not only f i l e  o f f  the e’orreision , the’c-’ would :il Sc- i
t i le  o f f  t h e  r ivet head . One wel l—meanin g CT in Georgia dri l led a hole
right through the- a f t  longeron about the size of a dollar .  He meant we l l
however If he~ had dr i l led it three feet further a f t ,  we would have had to
scrap tha t airplane . So semi’ of the work our people do Is quite poor.
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The corrosion work that I see, in general , I would prefer that they
not do at all. I just wish we could afford to do it in some
specialized facility where you have the experts who kaow how to do
it right.

Question: Does fatigue and corrosion work together , for example
on the C~-5?

Answer: I wish you would pick another example . It has fatigue
problems and we lay hands on the C—5 so much , it doesn ’t represent
a typical airplane of any kind . It has a low flying rate and requires
frequent fatigue inspections. So 1 don ’t think it would be repre-
sentative of transports, as far as corrosion prevention is concerned .

Question : How about corrosion on the F—lll?

Answer : Let me give you an example on the F—ill. We found that the
honeycomb on the vertical tail of the F—ill was debonding. We found
the Cl’s in the field would cut out that section, repair it, paint
it over then we would check it in the depot when it came in and find
that corrosion had set in in that whole area. We recently found that
same thing happening in the rear pressure door on’ the C—l4l fleet.
Just about a week ago, we approved a modification~to replace all the
honeycomb doors in the C—141’s with corrugated doors, because when
corrosion sets in we are unable to repair them. We finally admitted
that so now we are going back to Gooney Bird technology so we can work
with structure we know how to fix.

Question: Does the C—5 have corrosion problems?

Answer: I am not aware of any corrosion problem on the C—5. Don’t
• let me impress you that all my news is bad , I have seen some excellent

work on corrosion in Lie C—130’s. Really very fine, and other airplanes
as well so we are doing well.

Question : Is ACI (Analytical Condition Inspection) data used for
corrosion work prediction?

Answer : We have that plus a mountain of 66—1 data , accident and incident
data and also CIE data . CIE data means that out of a fleet of 500 air-
planes we will take another sample of about 11 or 12 airplanes and extend
that sample six months beyond the normal cycle. Then another sample six
months further . So let ’s say all the F411’s come in 4 years, 11 of them
come in every 4—1/2 years and 11 different ones come in every 5 years,
so that data plus ACI data allows us to try to find an optimum cycle ; we 4
are always searching for that . The math modeling we use for that hasn ’t
given us a whole lot of help. It is more a matter of technical judgment.

Question: What is the reason for landing gear problems?

Answer: The reason Is Tó heat treatment. If I had my way we would never
again buy any primary structure made out of T6. It ’s absolutely bad news.
I could give you many examples . We are switching to T73.

20 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -  
-
-~~~~~~ ____



- -

CORROSION PROBLEMS ENCOUNTERED DURING
ACQUISITION OF AF WEAPONS SYSTEMS

Major Thomas K. Moore
ASD/YASM

Wright—Patterson AFB, Ohio 45433

/
Colonel Setter has described some c- of the corrosion problems

which AFLC experiences. These problems are of considerable concern ,
and unfortunately all the systems which he has described were original-
ly purchased for the Air Force by the Air Force Systems Conunand.

As a member of the Air Force Systems Conmiand , let me first say
that , among the young engineers whom I see , there are two areas which
they almost universally do not adequately understand and which they
must learn af ter  they come on the job . The f i rs t  of these areas is
mec hanical fasteners and joints; tim e second , finish systems and cor—
rosium protection. I would like to talk briefly about these two
areas , and then I would like to speak about some of the actions which
the Air Force is taking to try to reduce the corrosion problems in new
systems and to prevent the recur re nce ’ c-’f some of the problems which
are currently being experienced .

Mechanical fasteners and joints are  a fascinating area of study,
although in many cases, they are not adequately understood , and fre—
quently they are the point of origin for failures, whether fatigue or
corrosion . In a structural sense’, joints are wh ere the action is.
Fasteners transfer the load from one portion of the structure to another.
They hold the structure together. Fasteners in aircraft are highly
loaded , complex , critical parts. I h-iave severa l examples of these to
show you . I can assure you tha t they are precision parts , made through
40— or 50 production process steps , including forging the head , grinding
the shank, heat treatment , rolling the threads , plating, and hyd rogen
hake—out. All of these steps must be ae’c-omp lished under very closely
controlled conditions , if we are t o  achieve adequate static strength ,
fatigue life , and corrosion resistance in the end product. It has
been said by some people that if you can make a threaded fastener from
a material , you can make anything from it. Fasteners such as these
are subject to fatigue , corrosion fati gue, stress corrosion cracking,
hydrogen embrittlenment , galvanic corrosion , uniform attack genera l
corrosion , and pitting. They and the holes necessary for their use
are the sites of the vast majority of the corrosion and fatigue problems
which we experience on Air Fore- c- aircraft. The consequence’ of these
corrosion and fatigue problems are’ a lmos t ;mlwny s sci b u s , frequently
expensive , and unfortunatel y , occasionally fatal. On an automobile
corrosion and fastener faIlure ’ mi ght cause a fender t o  f a l l  o f f  and
yet t he car would still be c-ipe’rahl e’ . In  a [re-raft I t e’orrOS ion causes
a wing to (‘time’ o f f , the’ consequence-s arc ’ ca tas t rophic.  An example ci
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eine o t the problems which we are examining at t lie present t ime In
new design is  the question ci t  how do we fasten advanced compci s i t e ’
components.

In Figure 1, you w ill see- a small coupon tes t  showIng three
dIfferen t Lastetie’r mat erials. The’ material in the middle which is
showing the corros Ion is A286 Corrosion—Resistant Steel. It is
commonly used in zte rospae -e fasteners today. The either twei mat t’r I a is
.ire’: ti m e- hexagon—head bolt ‘ r i—oA 1—4V , which is also used in many
Z t e ’ r c is ( iae c’ fasteners , and the Inte’rnal wrenchming screw (M et  I t h lc h ids t ’
14P35N) , which is a nickel , cobalt , chrome , molybdenum alloy . The
Least expensive and most commonly used ot these materials Is th e one
which is showing the greatest corrosion here in graphIt e.

Moving to my st- e ’onei area c f  dI scussion , the components o f a good
f i n ish system are not widely known . Some chemical companies , some
metal producers , some c’ivll eng ineers , and some aerospace prime con-
tractors understand and use good finish systems . Unfortunately , t here
are many suppliers who do not. Figure 2 shows a component of an e le ’c- - —
tronic countermeasure pod whIch had been in service for about a year.
I was called in and asked for some advice by this program ’s director ,

- I since his new pods were giving unacceptably low service lives when
they were deployed for use. You will notice tha t the aluminum skin
has had only a chromate conversion coating and that this skin is pi t ted.
The structural ring at t Ime ’ c~ ’rner ~if the picture is made of 17—4 pre—
e’i p i ta t ion hardened stee l —— corrosion resistant steel —— and you w i l l
notice that there was no attempt to seal the crevice- between the 2024
aluminum and the 17—4 steel. As a result , we do have products of
corrosion beginning to accumulate in the crevice. Some of the fas teners
hiere in the aluminum were alloy steel , and their only corrosion pro—
te-ction is a black oxide Liver on them . The engineer at the company
which produced this pod went to great lengths to explain to me the very
beneficial qualities which the black oxide coating did give. However ,
while i t may have given many beneficial qua l i t ies , one of them does not
seem to have been corrosion resistance. By contrast , the cadmium—plated
fastener seen along the backbone of the pod shows no signs of corrosion .

At this same p lant (Figure 3) I was examining assemblies which
were undergoing testing, when I notice’d that some of them were already
corroded . The particular p icture that I show h ere is one of some
e’iectronic filters . This I cannot claim as new . It had four hours
operational service and had been out of the factory for almost a year.
The ones which I saw in the factory were not quite as corroded , but
they clearly were corroded . The manufacturer was not able to ident i fy
this as corrosion , however , until It was explicitly pointed out to him
as such. I think that this points out that we have problems even among
the organizations which have considerable engineering sophistication ,
and let me hasten to say this particular manufacturing facility employs
in their engineering office more than 2,000 engineers and is considered
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a technical leader in electronic equi pment. Unfortunately, many of
these eng ineers , while extremel y competent in their areas , have not
been given an exposure to what corrosion is nor do they understand
the problems which it can create in systems operations .

Managers are motivated to produce good systems at affordable
costs. Nevertheless , many managers do not understand causes of failure ,
particularly when failure is not immediate. Their education need s
improvement so that they will be willing to co mm it program resources
to prevent delayed failures , such as those caused by corrosion . Since
managers generally claim to understand money , a very powerful tool for
creating understanding of the importance of corrosion is Life Cycle
Costing, particularly when LCC models are designed to be sensitive to
failur e modes and correctly allocate costs. However , the models which
we are presently us ing do not seem sensitive to corrosion or fatigue ,

-
~~ and work needs to be done in our modeling techniques to enable us to

make decisions on program finish systems , desi gn details , and how they
will influence total system cost. We must make rationa l decisions
based on life cycle cost as one measure of excellence. To make our
Life Cycle Costing more accurate , we need relationshi ps that will cor-
relate system performance and service life with results of accelerated
testing . As an example , we have several excellent accelerated corrosion
testing techniques , such as alternate immersion or salt fog testing .
Nevertheless , survival of a 96—hour salt fog test or a 1,000—hour
alternate inunersion test does not give us quantitative information
about system life. It does provide for relative ranking of possible
solutions when the time Is available to test more than one solution.
Accurate system life modeling may also have to include the influence
of both weather and atmospheric pollution , as several studies have m di—
cated these factors are significant.

In Figure 4, I would like to show you a picture of a stress cor-
rosion crack. This particular crack was discovered on a C—S nose door
visor . You can see how the cracking in this 7075—T6 forging has progressed .
The next picture (Figure 5) exhibits what happens when the crack pro-
gressed a little bit further . The difference between the two pictures
is 2.4 million dollars. Costs like these must be avoided . You say ,
“2.4 million dollars for a single crack?” Well , when this fitting
f a iled , it allowed the nose of the C—S to fall and all of the electronic
equi pmen t located In the nose was destroyed . It also created major
damage to the aircraft ’s structural members immediately behind the
pivoting nose of the C—5 .

In talking with the major American airlines , we ar e f ind ing  tha t
they consider their two mos t important maintenance problems to be
corrosion and fatigue . In my mind these are the two principal aircraft
wear—out phenomena . When Lockheed Corp. dec ided to re—enter the com-
mercial aircraft business , it surveyed the airlines and found that these
were items of interest. Thus , in the de sign of the LiOll , Lockheed
went to great lengths to produce as corrosion and fatigue resistant a
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desi gn as they could , including the use of skins and stringers which
were clad on both sides; bonding numerous components together , as
well as riveting them , which you might say is in a sense, wearing
suspenders and a belt; and choosing materials which have low potential
for corrosion and which have excellent service histories . I mention
this experience which Lockheed had because I believe that perhaps the
airlines have been more successful in impressing on suppliers the need
for corrosion resistance than we in the military have been .

This is a condition which we are try ing to correct. We have orga-
nized corrosion prevention advisory boards on new systems to provide
early knowledgeable review of design for adequacy of corrosion prevention.

The Materials Lab has prepared and is presently having printed a
new military standard (MIL—STD—l568) for corrosion prevention during
aircraft design which lists in one location a large number of the pro-
hibitions and recommended practices which will yield longer service life
for our aircraft. We in the Aeronautical Systems Division are similarly
taking action to improve the corrosion resistance of the aircraft whose
development we sponsor . Changes take place slowly; however , there have
been in the last 10 to 15 years several changes that have been Instituted .
For example , we have almost completely halted the structural use of
magnesium in aircraft , because while magnesium can be protected against
corrosion , we have found that we in the military services have not been
successful in keeping magnesium protected against corrosion . And
another example: we are presently instituting severe limitations on
the use of 7000 Series Aluminums in the —T6 condition , because of their
potential for corrosion when heat treated in this condition . We have
been reviewing a number of our design and structural guidelines and
normal practices ; we are carefully re—evaluating the use of aluminum core
honeycomb , and I think that I can safely say that most of us are con-
vinced that we must at least use a very corrosion resistant aluminum
core . And there is some question if any aluminum core honeycomb should
be used in new aircraft design . We are going further. We have issued
a damage tolerance specification (MIL—A—83444) which our aircraft must
meet. It requires the use of linear elastic fracture mechanics in the
analysis of our structures . It acknowledges the influence of stress
corrosion cracking in our structures , and it calls out a minimum flaw
size which must be assumnçd present for the purposes of analysis in our
structures . We are further in the process of amending our fati gue
specification for aircraft (MIL—A—8866) and our structural test
specification for aircraft (MIL—A—8867) to require the definition by
the contractor of the chemical environment in which fatigue testing will
take place. This will require Innovative thinking on the part of all of
us who are involved in aircraft structure design , testing, or certification .
It also would be a very fruitful area of research for those of you who
are challenged by the problem of relating service life to accelerated
testing.

Gentlemen , I think that in closing I can say that there are oppor-
tunities to do better. In the past we have made mistakes , in the present
we are learning from our mistakes , we are changing our requirements; we
are attempting to provide corrosion resistant long—lived structures for
the Air Force. In the future further challenges await all of us as we
seek to increase the effectiveness of our systems .
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CORROSION ON RELATED AIRCRAFT STRU CTURE

Mr. Howard W. Zoeller
AFML/MXA

Wright—Patterson AFB , OH 45433

It is almost impossible to hear it happening , and it is very
difficult to see. If it ’s felt , it is probably too late. Yet this
process is constantly occurring everywhere and has an economic cost
of $15 billion per year. No, it is not the rise of consumer prices .
This very expensive and often serious problem is corrosion.

I am going to discuss three major types of corrosion: general or
uniform , localized and intergranular attack. Genera l or
uniform corrosion takes place when an entire surface corrodes (Figure 1).
Magnesium corrodes uniformly (Figure 2) if not properly protected .
Transmission housings manufactured of cast magnesium are successfully
used in helicopters. The Dow 17 or RAE coating appears to be an adequate
surface finish for magnesium. Localized corrosion involves pits , crevice
formation, and exfoliation (Figure 3). Exfoliation around fasteners
(Figure ~

) is a serious problem in aircraft structure. The use of over—
aged aluminum alloys, T—76 temper , and the installation of fasteners
with wet zinc chromate primer has reduced the exfoliation corrosion in
aircraft. The question is always asked how does a corrosion pit or
crevice initiate and how does it grow? What causes them to stop growing?
A number of investigations have been conducted in these areas with
articles reported in various corrosion magazines.

More investigations have been conducted regarding intergranular
oc ‘tress corrosion than any other type corrosion . The first aircraft
acciden t. I will discuss illustrates intergranular or IC corrosion in
2O 24 — ”-~ aluminum alloy .

A cargo aircraft arrived at Dover AFB from overseas. The crew
received word from the tower to hold as the landing field was temporarily
closed . During the holding period the right wing failed . No turbulence
was reported in the area . The forward lower spar failed at a bolt hole
(Figure 5). The holes are used to attach the leading edge skin to the
spars. Cadmium plated alloy steel fasteners are used to attach the
leading edge skin . IC corrosion was found in the failed bolt hole
(Figure o). The cargo fleet was inspected . The bolt holes which con-
tained evidence of corrosion were reamed and installed with oversized
fasteners.

Stress corrosion cracking involves a complex interac tion of sustained
tension stress and corrosive attack that results in rapid cracking and the
premature brittle failure of a normally ductile material. These conditions
are necessary for stress corrosion cracking :

1. A corrosion susceptible material ,
2. Sustained tensile stresses, and
I. A corrosive reaction.
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The major sources of stresses in aerospace components are from :

1. The thermal treatment ,
2. Assembly or f i t—up stresses , and
3. Service or stat ic stresse s .

Sometimes it is necessary to have the accumulated total of the stresses
before failure occurs in a normal service atmosphere . Many times a
newly manufactured part will fail from stress corrosion cracking even
before It is assembled into a structure due to high res~dual stresses
from thermal treatment . The most susceptible grain orientation is the
short transverse direction which is always present to some degree in
the forging parting plane (FIgure 7). For high strength aluminum alloys ,
stresses as low as 6000 psi across the short transverse grain can cause
stress corrosion cracking (Figure 8). Stress corrosion cracking of
forgings or extrusions has caused the majority of the primary structural
failures of Air Force systems . The fracture surface of stress corrosion
failures is generally characterized by a brittle (intergranular) cracking
zone progressing from an origin in a circular or semi—circular crack
f ront , followed by the normal ductile tracture pattern of an overload
t .milure (Figure 9). During 1960 through 1970, in AF Systems, 7079—T6
aluminum ah oy forg ings were widely used . This alloy has the highest
transverse mechanical properties ot the’ a l uminum torgin~ alloys. These
properties are obtained through a cold water quench (70 F). The T—6 con-
dition in ocher aluminum ah oy forgings is obtained through a warm water
quench (l40~F) and the t-esldua l stresses resulting from the cold water
versus the warm w1mter quench are’ considerably higher .

An aluminum alloy , 7079—16, outer cylinder of one of our aircraft
failed on the alert pad (Figure 10). ExaminatIon of the c~ linder revealed
that the failure did not occur in the part ing plane but 90 from thie parting
plane (Figure 11). Analysis of the failure area revealed the presence of
considerable trar.sverse grain iii the fracture area. The service stresses
were higher in that area than at t hie parting p lane . The investigation
showed the method of breakdown of the pre— forg ing stock resulted in
transverse grain runout in areas other t han the forging die parting plane .

A fighter aircraft suffered a left main landing gear malfunction
during a routine take—off. The pilot burned off the excess fuel and
attempted a land ing which resulted in col l aps e of the left gear and loss
of the aircraft. The landing gea r was manufactured from 7079—T6 aluminum
alloy . The gear separated at the parting plane of the forging (Figure 12)
initiating from a stress corrosion crack (Figure 1 1’).

A pressure cylinder containing helium which is used on a missile
for auxi liary actu ating flight control power, ruptured and fragmented while
to a storage bunker. The’ helium bottle is located In the aft end ot the
missile. The cylinder is fabricated from 18 percent Ni maraging steel
and heat tro.tted t o  a mininum yield strength of 206 ksi. Visual examination
of the failed cylinder (Figure h - I ) showed numerous cracks in the inner
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surface of the bottle. Little or no deformation was associated with
the crack sites (Figure 15). Further examination of the fracture
(Figure 16) showed that before final overload occurred , the cracks had
established a slow stable growth rate. Fractographic examination of the
crack surfaces by the transmission (Figure 17) and scanning (Figure 18)
electron microscopes revealed an intergranular cracking mode typical of
stress corrosion cracking . Metallographic examination of a cross section
of the cylinder wall through a crack revealed secondary branch cracking
which is further evidence of stress corrosion cracking (Figure 19). The
cause of the stress corrosion was attributed to small amoun ts of residual
water and chlorinated hydrocarbons left in some bottles after welding and
prior to charging the bottle with helium. The remedy was to lower the
helium pressure from 7700 psi to 4500 psi and replace the maraging steel
with another material, 4130 alloy steel , heat treated to only 150 ksi
tensile strength to make it less susceptible to stress corrosion cracking .

In summary, the Air Force has tried to minimize corrosion and its
detrimental e f fec t  on structures and components. The application of over—
aged aluminum alloys and the —T7 temper has eliminated the exfoliation and
stress corrosion cracking which confronted us during the 1955—1970 time
period . The recommendations of the material and corrosion engineers are
being considered early In the aircraft design phase.
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I ,G. Corrosion Found in
Bolt Hole

Figure 6 . Close—up of IC corrosion in bolt hole
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ADVANCED METALLIC STRUCTURES TECHNOLOGY PROGRAMS

Dr. V .J. Russo
AFML/LLrq

Wright—patter~~~ A-PB, OhIo 45433

I have been asked to give you a flavor for where we see our—selves going In Metal Structures in the Air Force over the nextthree to four years. My role, as compared to the AFOSR role, isIn the Exploratory and Advanced Development areas. So I am moreInterested in the reduction_to_pr~5~j~~ than In basic research.We look at our reduction_to_pra~~j~~ programs as “windows” whereinwe can exploit some of the research activities that go on in theuniversities. I am going to try to quickly go over with you whatour plans currently look like and during that process highlight thecorrosion aspects that I think maybe this group can impact.
The AF has placed emphasis on various areas in the past tenyears. In the 1960’s, the emphasis was on minimum weight of systemsand we paid a penalty for that as you saw from the horror picturesthat Howard Zoeller just showed. In the early mid 70’s, theemphasis was really on acquisition costs or on ideas for reducingthe cost—..of buyin~g new airplanes. With the escalating costs of air—planes, ~~~~~~~~~~~~~~~~~~~ people had to do our share to reduce thosecosts. But now in the time period that we are in today, we can seemore emphasis going into the maintenance question because that problemis now becoming overriding. The cost of ownership may in fact beoverriding the acquisition cost problem.

If you look at what we do in metal structures, you will see thatwe divide the work into four major areas. These thrusts are sh&~wnin Figure 1. The structural integrity question really is the firstorder of magnitude; you must make sure that the basic integrity Isthere before you can start worrying about corrosion. The other threeareas are, acquisition costs, ownership cost, and expanded performance.We have quite a bit going on in acquisition and ownership costS prob-lems, but we have very little going on in the expanded performance arearight now. Most of our money, in terms of funded research, is in thetop three categories. Now that ’s not to say we aren’t interested inthe materials improvement area; it is just the fact that we in the AirForce don ’t see the need in the next 3 to 5 year time period for newairplanes to have materials to with~ta~d significantly higher tempera—tures or loads.

I want to indicate for you some goals we have set fot ourselvesin these four basic areas. These at-e also given In Figure 1. Thestructural integrity area is one that you can spend a lot of money on.Our objective here is to get safety without having to spend a lot ofmoney. In the ownership cost area, the objective is to try to achieve
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a 15 to 20% cost in the kind of dollars that Col. Setter talked about
Involving maintenance. Now you may ask where I got a number like 15
to 20%. I really don ’t know how valid that is, all I do know is that
the numbers we could possibly affect are very high. You are talking
about affecting 200 to 300 million dollars a year and a 1 or 2%
reduction would be a substantial return for the small investment in
research.

In Figure 2, you see listed on your right a series of programs by
the same major thrust that we talked about. Each one of these little
dots represents a program in itself. This is the way we have been
organizing ourselves in order to concentrate on selected items. My
intent in the next few minutes is to go down these lists of programs
which are , as I said earlier , funded activities in the reduction—to—
practice arena rather than the basic research. I want to do this in
order to give you some flavor of where we see ourselves going .

In the structural integrity area, we see five major themes that
we are concerned about. That ’s the five things you see listed down
the center of Figure 3. Initial quality of the material has a direct
effect  on the basic structure integrity and pre—existing flaws , which
you heard about earlier , have to be assumed . Also , we have to do all
we can to assure that flaws are not there in the first place. The
question of materials properties is the one I guess would be the most
interesting to this group of peop le. Some of the questions that we
have to concern ourselves with are the basic crack growth rate and the
effect of the environment on that crack growth rate. We have to assume
that a flaw is there, we have to assume that it ’s growing , and we have
to decide when we are going to repair or quit using the airplane. This
subject has a direct bearing iq one of the workshops we are going to be
attending today, i.e., “Environ\~iental Effects on Crack Growth Rates”.
As you can see, we are very interested in today ’s and tomorrow ’s
activities because this is a real problem for us and it is one that we
are going to have to learn to account for. The other areas are of less
interest to this group so I will just skip them in the interest of time.

Earl ier , Dr. Burte talked about primary adhesive bond structures
and the acronym we developed for that is PABST as indicated in Figure 4.
The objective there was to reduce the number of fasteners and to do
this by adhesive bonding. One of the critical problems we face in
bonding is really corrosion and primarily corrosion of the bond line.
One of the basic approaches we have to undertake is to assure ourselves
that the long—term durability of the bondline can be handled because we
are talking about building airplanes that last 30 years. Now the break—
through we think that will allow us to do this is an understanding of the
surface chemistry of aluminum anodizings. We think that finally we under-
stand the Importance of anodizing and what makes certain etchants of
aluminum prior to bonding good and what makes others bad. We know when
we trace back a failure in the adhesive bondline, that failure was usually
in the metal/metal oxide interface. There was nothing wrong with the glue
we used , it was fine; it was how we treated the aluminum that was the
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problem . We think we understand the problem now , so we are taking
on a maj or i~tvestment to literally build a full scale fuselage out
of adhesivel y bonded aluminum. There is a big activity in corrosion
in that area .

Another example of a program we are taking on is in steel alloys.
This is illustrated in Figure 5. Although the major object ive of the
pro-~ram was to develop an alloy that had high toughness and strength ,
its c’xcellent stress corrosion resistance was certainly a big
ad.~itional benefit. We learned f o m  the Navy a lot about the high
toughness steels that they had developed primarily for their submarines.
These steels had fairly low properties when you talk about building air—
p,~anes. Through chemical and metallurgical manipulations we have now
i-’eve loped alloys in the lONi steel variety, AF 1410, which are now
competitive with titanium on a strength/density basis. However , every
t ime you talk about steel alloys, you worry about stress corrosion. We
now have managed to develop an alloy which has a Klscc in excess of 100
at the same time carrying the yield strength of 220 to 230 . Unless you
are an aircrat t designer those numbers may no t mean much to you , bu t they
are very signif icant because you are giving yourself a flexibility to go
to a cheaper material like steel that keeps the stress corrosion and the
st reng th prc’per ties of titanium. This is in the reduc tion—to—practice
mode but it did grow out of some basic research which was funded by the
Navy about 10 years ago .

We have a real interest still in aluminum structure because we
believe that aluminum will be around for a long time. Currently most
airp l anes are aluminum and I think in the near future most airplanes
will still be made of aluminum . We have several activities In aluminum,
bu t I am going to highlight only one of them because I think this Is the
one from a research point of view that Is the most interesting and
intriguing to me. The one I want to talk about is powder aluminum. We
see the use of powdered aluminum parts (compressed powders) as a major
way to reduce cost. The other benefit we will gain is stress corrosion
resistance. Initial data show that some of the new aluminum powder
metallurgy hot pressed parts are virtually immune to stress corrosion
cracking . That is a pretty strong statement to make about aluminum , but
to date we have seen no failures under standard laboratory tests. The
cost implication could be substantia ’!. that is cost implication over and
above the basic cost saving you would have making a powder part versus
making a machine part . So this is an area in which we are very definitely
interested . Also , we have found other properties of aluminum to be sub-
stantially greater in a powder part than in a forged part. That is why
I think you may see some real interest in powder aluminum . It ’s a new
area and an area in which we want to make sure that there is not some
unknown in powdered aluminum that could come up and bite us ten years
from now . Maybe it ’s an area that you have some thoughts in which we
can invest more money from a research point of view .

We continue our interest in titanium because someday I think this
country is going to have to build an airplane that can fly faster than
Mach 2.5. We do not have any airplanes in a production mode that are
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I
princ ipally made of titanium. The major obstacle in our mind is
cost. The cost of titanium structure today may cost you six to seven
t imes the cost of aluminum structure. There is a community of materials
people in the Air Force whose major objective is to try to reduce the
cost of titanium. There is minimal influence in the corrosion business
because we think for the kind of environments we are worried about
stress corrosion or hot salt corrosion isn’t a problem since we are
talking about airframes rather than the engines.

The bulk of titanium for airframes today is where stress is so
high that you almost have to go titanium . The emphasis in our
activities in titanium for the foreseeable future is probably going
to be in powders. This is a parallel to aluminum , but we see the cost
in this case, more than anything else, as the main driver. Current
major ac tivi ties in titanium are indicated in Figures 6 and 7.

For those of you who may not have had exposure to it , there Is a
lo t of ac tivi ty going on ri ght now in th~ Government, and I say Govern-
ment and not the Air F¼ ’rce alone because it Is broader than just the Air
Force, on the subject of computer aided manufacturing. I don ’t know
what this has to do with corrosion , it may not have anything to do
with it , but I think it is an interesting area. There Is an awful lot
of a.civi ty going on in trying to increase the producibility base of
the whole coun try in the area of computer aided manufacturing and we
in the Air Force are taking a key role in tha t business. This gets
into how do you best use computers to schedule and actually do your
manufacturing .

I will now go back to the discussion of the four major areas of
struc tural in tegri ty , acquisition costs , ownership costs and performance.

F ~
- I have talked so far about integrity and acquisition costs. I now want

LO show some things that we are doing in the cost of ownership or what
we can do to reduce the cost of maintaining the existing fleet. The
number one thing is the subject that we have met today to talk about ,
that is corrosion. We, in our area, consider corrosion the number one
problem that we ought to try to address in the area of metallic struc—
tures . how do you reduce the cost of maintaining the fleet—in—being?
This emphasis is indicated in Figure 8. Unfortunately, when you talk
about the reduction—to—practice programs, remember that is versus the
research programs: there are, as a matter of fac t, only one or two pro-
grams that we have seen clear so far to fund in this area . I think
this is one of the reasons for today ’s meeting : to see if we can
identify more programs in the area. The only thing we are funding
right now is a program to adapt ion vapor deposited aluminum to a pro-
duction and field mode. This process consists of using an ion chamber
to plate steel parts with aluminum rather than cadmium . We are funding
this program because we see some clear evidence that the cost in cor-
rosion maintenance will be significantly reduced . Ion vapor deposited
aluminum is a lot cheaper than cadmium plating and baking. The other
program we are fund ing is primarily under Ted Lynch’s direction and is
one to develop corrosion prediction models that people in AFLC can use
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to predict a maintenance schedule. As Col. Setter pointed out, if
he had any idea when to schedule these airplanes it would be a great
benefit to him instead of scheduling them all in the same time period.
In effect, he could then selectively schedule airplanes.

Those are the only two programs in the whole corrosion business
that are in the category of reduction—to—practice. Now these are
certainly not the only ones that the Air Force is funding, there are
a lot of others in the research business, but again I am talking
about reduction—to—practice programs. We are trying to find more
programs to work on in this area and I solicit as much help as you
can provide in this area . I feel that when the programs are identified
and justified, the resources to do them could be made available.

Another area, and one that Major Tom Moore spent some time on, is
the one of mechanical fasteners. He was talking from an acquisition
cost viewpoint, but the problem we also worry about is how to reduce
the maintenance cost once the fastener is in service. There is a whole
series of programs that are in this area and if anyone is interested

- 
4- in them I would be more than glad to talk to him about it. Some of

our emphasis here is indicated in Figure 9.

- — 

The other big area is repair . This is summarized in Figure 10.
I am not sure that we as a research community can do much in the area
of repair . This is a fairly mundane business, but we are interested in
seeing from a technology point of view if there is something we can do
to reduce the cost of repairing structure as it sits out on the field
or in the depot. It has been pointed out that the one area that gets
a lot of attention now is honeycomb repair. The cost that we incur to
repair honeycomb is phenomenal. We are trying to work that problem but
I doubt that much research is involved .

After hearing all the problems about the expensive landing gear,
we can state that we do have some activity going on in trying to reduce
that cost, as shown in Figure 11. One of the ways we see of getting
around the corrosion problem is to go to titanium or composites. The
environment that the landing gear faces is very rough and maybe this

F is one of the few cases where we would be willing to pay the extra price
for a titanium part because the overall life cycle cost would be sub—
stantially reduced .

To sum up, I was trying to give you a flavor for what we are doing
in metal structures and where we are going in the very near term .
Once again I emphasize we are looking for activities in the corrosion
area in the reduction—to—practice mode.
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WORKSHOP I.

COATINGS AND INHIB ITORS

Chairman: Ph il Par r ish , ARO

Recorder : Gary Stevenson, AFML

Participants: D.E. Prince, AFML/MBE
G. Stevenson , AFML/MXA
K.C. Frisch , University of Detroit
A. Dent , Carnegie—Mellon University
J. Hassell , Battelle—Columbua Labs
W. Thompson, WR/ALC/MMETC
P. Clarkin , OWR
C. Simmons, Lehigh University
M. Taylor , Wright State University
T. Beck, Electroche*nical Tech Corp
B. Ives, McMaster University —

C. Knauss, Kent State
S. Lee, AFIT/ENB
J. Wurat , University of Dayton Research Center F

L. Weirick , Sandia Laboratories
P. Parrish , ARO

Introduction:

Opening remarks by Gary Stevenson , Dan Prince (both AFML), and
W . Thompson (Warner—Robins AFB) discussed current coatings and their
usage by the Air Force , current programs and near term interests at
AFML in the coatings area, and field problems . The following require-
ments were specified as necessary attributes of any coating system :

Requirements of Coating Systems

1. Adequate flexibility
2. Ease of touch—up
3. Temperature stability (up to 350 F)
4. Good cleanability/maintainability
5. Low weight
6. Easy application techniques
7. Environmental stability
8. Ease of removability

Discussion: Specific Problem Areas in Coatings on Aircraft were
Identified (“Hot Spots”)

1. Fasteners — coatings are inevitably damaged during
installation

2. Latrine areas
3. Internal areas (such as bilge areas) where

condensation occurs 
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4. Faying surfaces
5. Battery compartments
6. Erosion of leading edges

Some Problem Environments were Identified:

1. Salt and salt spray
2. Humidity and heat
3. Industrial atmospheres
4. Temperature cycles

The current paint system contains either a zinc or a strontium
chromate inhibitor to provide corrosion protection . However , it is
known that chromium oxide films do not provide adequate protection
against chloride environments. Why , then, is only single component
inhibition used instead of multi-component (i.e., multi—functional)
inhibition? Should we use a second component which attempts to
alleviate the chloride—attack problem , for instance? Also, if you
assume imperfections in coatings due to application variations , what
can be made available to neutralize , passivate or provide cathodic
protection of the imperfect area?

Another broad area of discussion was whether nondestructive
techniques can be used to evaluate the state of a coating — whether
it is cracked , separated from the base metal , whether filiform
corrosion is occurring below the paint , etc . Also , can effective
coating lifetime be predicted by utilization of NDE?

As a result of the discussions of maintenance techniques , paint
systems , and nondestructive testing techniques , the following possible
approaches to solve or mitigate coating problems were advanced :

Possible Approaches to Solve Problems:

1) Put inhibitors in rinse water used in washing aircraft , as
currently done by National Airlines (W. Thompson cited reference
paper). Possible windows for initiating th~c actIon are:

a. Include inhibitors in a test wash program being
initiated at MacDill AFB in which aircraft will receive
frequent (between mission) washings.

b. Perform a wash inhibitor survey in various environ—
ments (salt spray , industrial) on test panels of painted
metals to determine optimum inhibitor chemical systems
(compositions, concentrations , frequency of wash, etc.).
Compare this to unwashed panels and also to panels which
are washed according to the schedule prescribed for air-
craft maintenance.

69 

- ___—-----



— ---. 
— —-- 

~~~~1

‘5

2) Multi—purpose , multi—component inhibitor systems should be
incorporated in coatings. This is an area which the coatings
groups, in conjunction with the environmental effects group ,
are addressing at AFML. Basic work on passivation kinetics,
passivation effectiveness , and film compositions which actually
give protection should be encouraged at AFML.

3) NDI techniques should be applied to coatings . Some tech-
niques which were specifically mentioned and dicussed were :

a. Methods of corrosion indication , such as pH
indicators, could be incorporated into films .

b. Neutron radiography should be attempted in
order to lock for the onset of corrosion
produc t formation under coatings. These
sites should be candidates for quick cleanup
before major damage occurs, or before the
necessity for complete stripping and
repainting of the aircraft has arisen.

c. Thermal imaging (IR) detection of areas
• which are corroding under paints.

d. Electrical potential monitoring and con-
ductivity monitoring of corrosion “hot
spots” should lead to determining when
these “hot spots” become critical .

In all thA MDI techniques discussed , it was agreed that they should
realistically be attempted in the areas recognized as corrosion “hot
spots”.

4) New paint stripper research should be initiated . Currently,
paint stripping is often very difficult and damaging to the metal sur-
face. Research should be directed at specific model solvent solution
to epoxy paint reactions, and also at the compatibility of the model
solvents with the base metal.

5) Areas where plastic or other non—corroding materials should
be employed should be systematically identified for each aircraft
system — latrine areas, bilge areas , faying areas, etc., are obvious
examples where retrofit of such materials could alleviate many current
problems. Alternately, the same approach could be used in locating
drainage ports for these aircraft.
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WORKSHOP II.

ACCELERATED TESTING AND REALISTIC TEST ENVIRONMENTS

Chairman : R. Summitt , MSU

Recorder: F. Meyer , AFML

Part icipants : l/Lt . Terry Birtel , AFML/LLS
John Hassell , B~ tte11e—Columbus Labs
Major Mahan, AFLC/~~1EA
F. Meyer , AF?-fl~/~D(A
R. Sununltt , Michigan Sta te  Univ.
Thomas A. Torres, Technology Inc .
Walt Tripp, Systems Research Labs
T.O. Tiernan , W r i ght State Univ .
Dave Clouse , 4950/SUP
C.J. Knauss , Kent State Univ.
Harris Burte , AFM L/LL
Br ian Ives , Mc Master Univ .
Larry  W eir ick , Sandia Labs

The topic was unusually difficult and we did not produce definite
researchable ideas. The group did, however , develop a good definition
of the problem.

The purposes of accelerated testing methods are threefold: mate-
rials selection, per formance prediction and for contract specification.
Existing test methods are in no way related directly to the service
environment in which materials actually are used . In the case of
relatively simple properties , e.g., ultimate tensile strength , hardness,
notch toughness, the engineering community has been able to agree upon
standard tests which do achieve those three purposes. These tests work
pretty well , albeit rather imperfectly, but they do a job everybody is
willing to agree to and to accept. The corrosion problem , however , is
a vastly more complex situation , because the causative agents of cor— -

‘

rosion and their effects are neither completely identified nor “well
understood” . Consequently the so—called standard tests for corrosion
resistance, even those which have been agreed upon , e.g., the salt spray
test , are not predictive of actual field experience. The current situa-
tion is simply that corrosion tests are costly and are regarded with
suspicion at best and no one claims that they will predict service
experience over a 20—year, 10—year , even a 5—year period . Hence, the
problem briefly is: We have simply no knowledge, or rather very little
knowledge of what are the corrosive agents in the service environment
that mater ials will see nor do we know what is their mode of action.
Without that knowledge we simply are not able to design accelerated
tests which can provide data in reasonably short periods of time and
which achieve the purposes of accelerated corrosion test methods.
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We don ’t know what they are, that is if you are talking about trace
effects , trace component effects , things like that. Consequently
the so—called standard tests of corrosion resistance , even when they
have been agreed upon , for example , the salt spray kind of test
exposure, they are not predictive of actual field experience at all.
The current situation is simply that corrosion tests are costly and
at best are regarded with suspicion and nobody claims that they ’re
going to tell you what will be the service experience over a 20 year ,
10 year, even a 5 year period . You simply can ’t use these tests for
that kind of thing. So the problem , and that is all we were really
able to define , the problem very briefly is: We have simply no know—
ledge, or rather very little knowledge of what are the corrosive
agents in the service environment that materials see nor do we know
wha t is their mode of action , how they act upon materials to produce
corrosion. Without that knowledge we are simply not able to design
accelerated tests which can provide data over reasonably short periods
of time that will achieve the purposes of accelerated corrosion test
methods. That ’t it. We defined the problem , now those of you who
were in the discussion , if I have left something out , jump up and say
so. If I haven ’t, if there are arguments or discussion that want to
go on , we ’ll take off from there .

Question : Are you saying that until we understand a species by
species cause and effec t relationship, there is no hope of developing
an accelerated test?

Answer: You have to be very, very careful, I think , to avoid the idea
that you are aiming for a complete and thorough understanding of cause
and effect. We went round and round about that particular point. That
is, that we feel that we must identify what are the --leinents in a
particular service environment but you don ’t go backwards to find the
hard science , the basic research , you don ’t spend years and years
trying to find out why, but the important thing is to define what
are these particular elements . We won ’t go into the particular example
that we spent all that time talking about , hut it ’s a problem I think
of correlation . Once you have correlated , for example , if we knew about
a particular element in a service environment that it was a corrosive
causative agent , then could we go a step farther and perhaps double
the concentration. Would that lead to an accelerated test? Suppose
we increased the temperature or something of that sort? There must be
some way then , once you have identified the causative agent , to go
ahead and develop an accelerated kind of test that would then be useful
for these purposes of selection, performance , prediction and specifications .
But we are not at that stage, we are talking about exposures over a very
long period of time and we haven ’t identified them . I don ’t think we —

know how to yet.
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Question : Does anybody, and we take the easiest one which might be
materials selection, rank materials the right way which might be a
lot easier than trying to give a quantitative prediction? Did any-
one feel, to take it a step further , that there was some research
that one might undertake to shed some light on some these to better
define at some future time accelerated tests? Research that wasn ’t ,
as you put it , continued for the next ten years and take a look then.

Answer: I think if there werc , they were within the minds of individual
people at the meeting . I have probably an idea or two wherein one
might look at a specific material and try to examine the kind of
environment that it sees. There Is another possibility that the pre-
diction program that we are Involved with might help one to identify
causative variables or causat ive agents. But , frankly, I didn ’t and
I guess I have to say to anybody in that session did you have any
reactions of that kind?

Respon se from someone in the audience : Maybe I missed a point here ,
but I think we all agreed that you cculd design a screen test that
would evaluate a series of materials for this particular test. But

- 
- what that means as far as the application of this material , I don ’t

know . Does anyone know?

Answer Continued : I think what you have here Is two different view—
points: One is in the case of the chemical manufacturing industry ,
who know pretty well what the environment is going to be over a 20
or 30 year period — they have a pipeline self—contained and they know
what is going to be inside of it. Whereas an aircraft can fly through
On a landing approach to Dayton , Ohio, and experience certain kinds of
atmospheric pollutants that it won ’t experience over Columbus , Ohio .
We feel that the major problem is that we do not know what specific
agents are important , sulfur dioxide , nitrogen oxide , ozone, hydro-
chloric acid , etc.

Question: Can we design a Lest where we can antici pate the actual
field results?

Answer: We see this in terms of two dif{erent kinds of concepts.
The prediction aspect is really one tha t is statistica l in nature
whereas the features of accelerated testing are more of the type to
be applied to individual materia ls over short periods of time to get
a picture of what is going to happen  over the long exposure . That is
precisely what our AF people on this panel pointed out . They can ’t
afford the eight year tests. They can ’t wait even one year . Is that
ri ght , Major Mahan?

7~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_- --——,‘-----— ________—fl,,,—_-—-—-,--_w_ ---- — —-—-- —--_--- -

Spea ker : Maj Ma han

Yes , a lot of times you say, “Be fore we can tell you wha t we
can do about corrosion, we have to define the environment ”, but
we would like for you folks to tell us that if we are going to fly
in a certain environment , we need certain protection. If we are flying
in a cold environment where .orrosion isn ’t preva lent , we don ’ t need
much protection; but if we are flying in the Southeast Asia environment ,
we need you to say , “if you are going to fly in this type of environment
you will need this type of protection , etc.” You can ’t really define a
typical environment because our airplanes are going to be deployed
wor ldwide and you can take any twelve airplanes at any time and in a
dep loyment concept put them anywhere in 24 hours. Thus , a lot of t imes
we don ’ t know what the environment will be. We can ’ t af for d to wait for
the eight years or so to really define what we have to do to a material

— for corros ion protection. We need an all—purpose material to protect
our a irplanes now. If we run into a problem we need the solution
within six weeks . The main idea is that when we dep loy, we have got
to be there ready to go within 24 hours and we need to be able to pre-
pare our airplanes within that time limit.

Speaker in the audience responding to M&jor Mahan :

I think you are assuming that we don ’t know something about what
environmental species are responsible , but we have been conducting
atmos pheric corrosion tests for more than 50 years. ASTM has 50 years
of data on coatings , etc. which they have correlated with what ’s going
on , what the atmospheric conditions have been from a moisture standpoint ,
from pollutants and everything else. I think you are saying we don ’ t
have them. I think we do have them and we can identify some of t hem .
I don ’t agree that you will ever find an accelerated test , I think your
tests are going to have to be more sophisticated to define subtle
changes and which you can then measure. But I oni know of one accelerated
test that has been developed and it took a long time tha t correlates
anywhere near with anything that has ever gone in actual service and
that is the Katz test that was developed for the bumpers on automobiles.
I don ’t know of any other one that has ever done it. I’ve been in the
coating business for over 30 years, and I don ’t.

Dr. Summitt: I think the problem is that you want more than indications
if you are going to do anything with this kind of thing at all. But
you are absolutely right and I think we saw the same thing , tests simply
are not indicative of the real world . But the differ~mce between the
relatively simple property tests which are indicative of performance like
hardness, tensile strength , etc . are good enough probably for what you
are try ing to do , but the corrosion sItuation is one that is s imp lY far
more complex .
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C. Communications.

Purpose : To acquaint as broad an audience as possible
with the practices and procedures which have been shown
to be effective in aircraft design , construction and
maintenance. The audience should include designers, —

technicians , shop personnel , military personn el , con —
tractors and subc ontractors , educators and st udents. —
Media should be se lected for broad readership. Special
ef for ts  should be made to interact wi th NACE , ASM, AllIES
SAMP E, etc.
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WORKSHOP IV .

STRESS CORROS ION CRACKING AND HYDROGEN EMBRITTLEMENT

Chairman: I.M. Bernstein, Carnegie—Mellon Universi ty

Recorder : Ki r it Bhansali, AFML/LLN

Participants: N. Pugh, University of Illinois
Paul Bania, AFML/LLS
W.K. Boyd , Battelle—Columbus Labs
B.F. Brown, American University
B. Lisagor, NASA Langley Research Center
Thomas A. Torres, Technology Inc .
John Hoke, Pennsylvania State Univ .
R.P. Wei, Lehigh Univ .
P. Clarkin , Office of Naval Research
P. Ficalora, Syracuse Univ .
Walt Tripp , SRL

- 

- 
T.O. Tiernan, Wright State Univ.
Syl Lee, AFIT /ENB
R. Summitt , Michigan State Univ .
K. Bhansali, AFML/LLN
Phil Parrish , U.S. Army Research Office
E.D. Verink , Jr., Univ . of Florida

Introduction

Due to obvious and useful overlap between this session and the
previous session on Environmental Effects on Crack Growth Rates, the
discussion was initiated as an extension of the previous session. The
stress corrosion cracking and hydrogen embrittlement of aircraft
structural materials was recognized as a severe problem in the existing
systems useful to the Air Force. The behavior in high strength steels
and aluminum alloys were specifically identified .

The approaches to the solution of this problem were categorized
as “short range” and “long range”. Short range solutions are those
which are applicable to existing alloys of aircraft structures sus—
ceptible to the stress corrosion cracking and hydrogen embrittlement .
Long range solutions are those which are associated with the more
fundamental studies of the mechanicsms of inhibition of stress corrosion
cracking and hydrogen embrittleinent , either by control of the metal—
lurgical structure , the nature of the surface, or by modification of
the environment.

Sunuary of Discussion and Reconmiendat ions

A. Short Range Solutions

Purpose : To decrease the susceptibilit y of the current

L ~~~~~~~~~~~~~ _ _ _ _  •~~~~~~~~~~~~~~~~~~~ 
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systems to stress corrosion cracking and hydrogen embrittleinent and
minimize related failures.

1. Develop inhibitive systems to be applied on the
structure to specifically minimize the problem .
Fundamental studies should be carried out in
order to develop inhibitors that will shift the
plateau region crack growth rate curves to a lower
value and threshold stress intensity factor
(K T or KIhz) to a higher value. An ideal
infI~~~tive system should then be designed for use
under the service conditions and should include
these Inhibitors .

2. Replacement of structural parts, when needed ,
should employ alloys with higher resistance to SCC
and HE.

B. Long Range Solutions

Purpose: To suggest approaches leading to a better under—
standing of the mechanism of inhibition of stress corrosion cracking
and hydrogen embrittlement.

1. Conduct systematic studies existing or on potential
embrittling systems. This phase would include
development of analytical techniques to determine
concentrations and distribution of embrittling
species at the “dangerous” levels, e.g., deter-mi—
nation of very low level hydrogen concentrations
in hydrogen—steel embrittling systems. Of equal
importance is the characterization of hydrogen
distribution within the alloy.

Study other embrittling systems where determination
of distribution and concentration of embrittling
species may be easier than in the case of hydrogen
as embrittling species, e.g., oxygen embrittlement
of niobium.

2. Categorize interactions between surface chemistry
and metallurgical techniques to develop understanding
of the roles of anodic dissolution and hydrogen em—
brittlement. This study might also include an investi-
gation of surface catalysts in order to inhibit entry
into the metal .

3. A re—examination of hydrogen interactions with metal
structures and subsequent effect s on physical and
mechanical p roper t ies is needed from a fundamental
and theoretical point of view .

—‘9
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WORKSHOPS III & IV

ENVIRONMENTAL EFFECTS ON CRACK GROWTH RATES AND STRESS CORROSION

CRACKING AND HYDROGEN EMBRITTLEMENT

Speaker: Ellis Verink

There was considerable commanlity of interest and overlap between
Sessions III and IV so I will start out with the report we put
together on Session III and amplify it with additional things that
came out of IV.

In order to focus the discussions we had in Session III, we
emphasized first the aluminum material system with the full under—

~tanding that many if not all of the comments would be applicable in
some degree to other major metallic structural systems. The problems
and suggested solutions to the problems (or approaches to finding
solutions) were categorized into two general categories: “short range”
and “long range”. The short range problems were those that were
particularly associated with the present or existing operating force;
whereas the long range problems were those that were particularly
associated with new designs, new aircraft , etc. There are a number
of the suggestions that could well be applicable in both categories.

First, the goal of short range solutions is to reduce the cost
and increase the effectiveness of maintenance procedures . Among these
there are a certain number of field procedures one of which involves ,
as Mel was saying, “operation of the hose,” i.e., flushing the exterior
of the aircraft after patrol and after extended exposure in corrosive
environments. If possible flushing of aircraft should be done at advanced
bases rather than waiting for aircraft to return to the depot. Also the
matter of the incorporation of inhibitors into coatings , in cleaning
solutions, in flushing solutions , and so on, seemed logical. Perhaps
inhibitors , should be incorporated into stripp ing solutions also . This ,
of course , is consistent with Dr. Parrish’s recommendations.

A second aspect of both the short range and long range considerations
is the Air Force should continue and extend as necessary the present AF
program on corrosion prediction , to improve the basis for scheduling depot
maintenance , and to assess the effectiveness of maintenance procedure
changes.

The purpose of long range research would be to develop fundamental
knowledge which would lead to more cost—effective design and would -

~ - -

presumably permit longer service life with lowet- ma intenance cost. The
philosophy which this Panel felt might be most productive would be to
develop data as necessary on crack growth rate vs. stress intensity factor ,
V vs. K curves, for all the alloys of interest . Some of those are already
in hand , others we t e d  could be ad eantageously developed . The aim would

So
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be to develop alloys and/or environments which would displace this
V vs. K curve down and to the right . In other words, to lower values
of crack growth rate and to increased values of Ki5~,

... This would have
a number of important advantages from a standpoint o~ the ability to
nondestructively test with a more reasonable chance of picking up a
flaw before it became of critical size. Extension of existing knowledge
on well characterized systems could provide a basis for moving into
these areas. Now in regard to specific tests, determination of the
effect of metallurgical variables (i.e., microstructure, texture,
distribution of precipitate, all these kinds of things) on the V vs. K
curve, would be an area of investigation that we feel would be fruitful .
Determination should be made of the rate controlling processes which
would apply individually to stage 1 (where the rapid increase in rate
(V) vs. K takes place) as contrasted to the 2nd stage, or “plateau”
region (in which rate is independent of K). A real understanding of the
rate controlling processes should provide a basis for devising a useful
strategy in materials development and selection.

The assessment of the influence of the environmental variables
on V vs. K curve encompassing studies of chemical behavior , electro—
chemical behavior, kinetics, influence of temperature, the effects of
inhibitors, the interference with these processes by the opportunities
which would attend the use of inhibitors , and finally combined effects
between spectrum loading and the chemical environments on the V vs. K
curve. All of these we feel would provide useful background information
aimed at the long range r.urpose of such long range programs.

Finally, in Session III, a strong case was made for better cominuni—
cations. A meeting such as this is one facet of such a program , but we
are thinking more broadly than this . The purpose would be to acquaint
as broad an audience as possible with the practices and procedures which
have been shown to be effective on aircraft design , construction and
maintenance. The audience should include not only the designers, but
technicians , shop personnel , military personnel , contrac tors, subcon-
tractors , educators, students , so that they will really have some appreci-
ation for the problems . This isn ’t a one shot proposition as we are all
aware because the audience is constantly changing and new generations
need to understand why it is important to do certain things in terms of
what can happen if you don ’ t .  Spec ial e f f o r t s  should be made to inter-
act with the National Association of Corrosion Engineers, for example ,
who publish standards for selection of materials for particular kinds
of services. ASM , AIME , SAMPE also should be included .

Many of the same recommendations also came from Session IV , plus
three or four additional points which I felt were particularly germane.
One is that there is a need for a better , more accurate , more dependable
means for determination of hydrogen level and distribution , - - .the
“instrumentation question”. Secondly, because of the couples problems
involved in hydrogen determination , other more easily studied embrittling
systems should be studied since many of the emhrittlement processes
seem to have many similar features. one such system is the oxygen—niobium 
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system whose embrittleinent can be studied readily by hardness measure-
ments. In this way it is hoped that models can be developed which
might better be helpful in explaining mechanisms of hydrogen embrittle—
ment. Thirdly, there was a reaffirmation of the need for establishing
the role of metallurgical variables and environmental variables on V vs. K

- 
- behavior, and fourthly, there also was a reaffirmation of the need to

explore and verify prospects of aluminum powder metallurgy products which
are alleged to be immune or free from stress—corrosion cracking types
of problems. Finally, there was a comment that in many respects
catalysis technology impinges directly on the study of the effect of
inhibitors. .that inhibitors are In a sense “poisons for catalysis”.

COMMENTS

The comment was made that the remarks made with respect to hydrogen
embrittlement or stress corrosion cracking might just as reasonably be
made with respect to corrosion fatigue . Investigation of environmental
versus loading affects that the effect of cyclic conditions , both as to
load and as to environment , may well be important . Experimental potential
pH diagrams over a range of potential should be helpful in selecting of
experimental conditions and in assessing the influence of metallurgical
and environmental variables.
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WORI(SHOP V.

ENVIRONMENTAL DEGRADATION OF ELECTRONIC MATERIALS

Chairman : L.J. Weirick , Sandia Labs

Recorder: F. Meyer , Jr., A FML/KXA

Participants: Carl Krauss, Kent State
Walt Haas, AFML/MBM
Mike Mahan , AFLC/MMEA
Mike Taylor, Wri ght State
Dav&’ Clouse , Aeronaut ie:i l Systems Division
S - Feuerst em , Aerospace (.arp
Ted Beck , El-’i trochem lcil Research
Fred Meyer . AFM L
Larry Weirick , Sandia Labs

Introduction

Session began with round table introduction of participants.
They stated their names, aftiliation , materials responsibilities ,

- - and interest in this session.

Carl Krauss, Kent State — is involved in_mobility measurements
of molecules (e.g., water) and ions (e.g., Cl ) in organic films

- 

- (e.g., paint). He is also associated with the “Institute of Paint
Technology”. He is interested In doing research along these lines.

Walt Haas, AFML — investigates surface interactions using Auger
and ESCA techniques . He is currently investigating lead—wire problem
(Kovar—aluminum—silicon) . Envisions field problem with no obvious fix.

Mike Mahan , AFLC — is responsible for immediate “fixes ” of air-
craft corrosion problems . He came to listen and contribute AFLC
interface to the workshop .

Mike Taylor , Wright State — investigates gaseous environments using
gas chromatography and mass spec-trometry . Desperately looking for Air
Force support , possibly in the area of analyzing vapor phase inhibitors.

Dave Clouse, ASD — concerned with acquisition of new vapor systems .
per formance of electronics in aircraft such as the C—5A .

Seymour Feuerstein , Aerospace Corporation — is another analytical
chemist with access to a number of analytical tools, not least of which
is an ion microprobe . Aerospace has some experience with failure
analysis of electronic hardware. Interested in any analytical applications .
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Ted Beck, Electrochemical Research — is well known for his work
on the SCC of titanium . Is interested in applying electrochemical
techniques to corrosion problems of avionic hardware. No immediate
mutual interest resulted from this session. Unfortunate.

Fred Meyer , AFML — responsible for Air Force programs on failure
analysis research for electronic hardware and specifications for corrosion
resistant electronic components.

Larry Weirick , Sandia Laboratories — was residing authority on
research directed at solving corrosion problems on electronic hardware
by fact that he had written two articles on subj ect.  He Is interested
in failure analysis and development work on electronics , particularly
involving hybrid and integrated circuit leads.

Following these introductions, Fred Meyer gave a lengthy briefing
on general corrosion problems in avionics. Emphasized two major causes
of long t ime corrosion degradation of electronic hardware: 1) atmospheric
rain and 2) internal “rain” due to temperature and humidity cycling of
aircraft. Most likely can do nothing about either environment , thus
must concentrate on material condition of coinponentry . in investigating
this area, AFML has identified two major materials conditions which lead
to corrosion. The first is dissimilar metals. However, by nature of the

- 
- produc t these are unavoidable. Second , during the soldering process,

aggressive fluxes must be used toclean leads. Unfortunately, flux often
remains after the processing if thorough cleaning Is not practiced .
This problem is part of the second general condition which is contami-
nation.

Fred believes the major need for research as applied to avionics —

corros ion is the development of a quality con~ ’o l technique , including
ins t rumentation, to more accurately identify i~~ie cleanliness of a sur-
face than the currently used “water— break” t est and water rinse and con-
ductivity test.

However , there is one significant road block which is the need to
f irst know the level of contamination allowable before corrosion becomes
.i nuisance. Thus , sophisticated analytical tools that participants in
this se~3ion operate may be useful if problems are more specif ical ly
detailed .

Vapor phase inhibitors discussed . Air Force has small program but
should be expanded in our op inion .

8-’~
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WORKSHOP V.

ENVIRONMENTAL DEGRADATION OF ELECTRONIC MATERIALS

Dr. Weirick — Spea ker

I was happy Ses—~ion VI came before V because the comment from

- 
- Professor Firsch about a cocoon for aircraft protection was close

to my thoughts that one solution to the problems of corrosion of
electronic materials was for the AF to develop the technique of
seeding clouds such that It would rain everywhere except on the air—
plane . Rainfall and leakage into the aircraft seemed to be the major
avionics problem. Also , due to the temperature and humidity cycling
caused by a grounded and then flying plane, a rain environment is
produced within the aircraft. This also produces condensation on the
electronic components.

The two components that appear to be the most susceptible as a
result of temperature and humidity cycling are dissimilar metal couples
and lead materials. The only suggestion on a possible way to control
the problem is coating or encasement systems for the electronic gear.

The other area that appears to be a problem is lead materials
where there is a solder joint and you have residues from the flux .
This is a specific example of the general category of contaminants;
thus contaminants not only from solder fluxes but from the manufacturing
and handling steps as well. A program should be started on this problem
area but unfortunately we were unable to define such a program . The
program needed is a nondestructive testing, quality control program , a
nondestructive testing technique , for determining levels of contamination

- - - on electronic parts. However , the difficulty in ’forming such a program
is that there is only sporadic data available at the present t ime on what
level of contamination on a printed circuit board or particular lead on
a specif ic part is allowable without a subsequent corrosion problem.

As I ment ioned earlier , we weren ’ t really able to define any
spec ific programs. We were left with an overall feeling that perhaps
as much effort is needed on a people reorientation and education program
within the AF and AF contractors as much as technical application by the
scientific community to solve what appeared to be general corrosion
problems due to contamination .

,
/
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Fred Meyer — Speaker

As Dr. We ir ick brought out in his talk , a lot of the problems
o f corrosion were built in during the manufacturing period . We have
to use a corrosive flux to get a good solder joint and if you go to
less corrosive flux , you w ind up with poor solderability. If , after
you finish the soldering, you don ’t remove the solder flux and it has
to be removed comp letely , you have a built—in corrodant . Especially
if you coat or sur face treat it , this later on with moisture conden-
sat ion will contaminate the lead if you don ’ t get a good seal with
fumble coating and the lead . You get practically an asmodic condition
where any condensate can get down into the board and contact with the

- 
- flux residue and you wind up with an acid solution which then causes

prob lems with the circuitry because of the dissimilar metals. You
can ’ t do much metals selection with electronics because of the very
nature of the various components. Transistors are made of certain mate—
rials and as far as you go that ’s i t , you can ’ t subs t itute too much.
The great majority of the failures we run into are generally related to
these basic violations to corrosion prevention.

When we get into the field, we find that the elec t ronics peop le
are generally not that well oriented to how to identify corrosion on
their systems . They are trained to evaluate performances aboard , for
instance , and for some reason most of the circuitry we have now can be
field repaired . Their feeling is if it works u~e it ,if it doesn ’t
discard it. One area that we like to mention is plug—in circuitry.
If we have connector corrosion it ’s a simple matter to clean that
connector , but if the electronics man isn ’t aware of this , he may dump
a valuable part because it doesn ’t work when it may simply be dirt or
cor rosion contamination on the leads in the connectors . The AF has
published TO TOl—6—89 entitled “Corros ion Prevention and Control on
Electronics” which is being sent out t o  all avionic shops to help them
become aware of this problem .

Quest ion: What is new in vapor phase inhibitors?

Answer: I brought that up to the group to see if anybody had any specific
informa t ion on the utility of vapor phase inhibitors. In our particular
group, nobody had any direct results of any of the recent ones. There
was some data input about looking at some a number of years back but no
real studies In recent times as to just how useful they are , particular ly
with electronic gear. Perhaps I could throw that same question back out
to this group .

You might talk to the AF Package Evaluation Agency people who are
studying ways of improving packaging and techniques. They began to have
certain problems with the various plastic packaging materials available.
You would figure they would be impervious to vapor but they are not.
The reason this technique has rather limited utility in electronics is
tha t unless it is a sealed assembly , you get an eventual depletion of
the vapor phase inhibitor. Unfortunately vapor phase inhibitors do not
work well in open systems design and many of the electronic systems are

8 (~
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open to the atmosphere. Dr. Lynch brought up the point of the
horizontal design , rather than vertical , of many of these electronic
systems . This horizontal design unfortunatel y permits condensation of
water vapor to set on the components and not drain o f f  as it would in
the vertical design. This causes a great corrosion problem. Dr. Lynch
al so broug ht out the fact tha t many of the old radar systems , for
example , in the older planes were enclosed but now in the newer designs

— 
- are open and thus exposed to the atmosphere .

There has been a lot of work at Rome AF Base on breakdown inside
the package and the results they found with corrosion and subsequent
failure caused by heat up and cool down with water condensing inside
the package and causing corrosion .

I
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WORKSHOP VI.

NEW APPROACHES TO CORROSION PROBLEM SOLVING

Chairman: W.A . Thompson, ALC/MMETC

Recorder: F. Vahidiek, AFML

Participants: T. Bartel, AFML/LLS
F. Mullins, AFML/LLP
A. Dent, Carnegie—Mellon Univ
W. Thompson, WR/AL C/MMETC
D. Walters, W:-ight State Univ
C. Dinkeloo, Te—hnc-logy Inc.
G. Simmons, Lehigh Univ.
B. Ives, McMaster Univ.
S. Lee, AFIT/ENE
J. Wurst , Univ. of Dayton Research Center
J. Hassell , Batt- elle—Columbus Labs
K. Frisch, University of Detroit
Maj . Tom Moore/ASD/ENFSS
D. Montgomery, Michigan State Univ.
F. Vahldiek, AFML/LLN

Introduction

Considerable time was spent in introducing AF corrosion problems
to representatives of universities and industrial organizations. In
this briefing by AF personnel, it was pointed out that new ideas which
are easy to use and are cheap and rapidly applied are of interest.
Then using a typical corrosion problem, a Cd—plated steel fastener
lead in a wing structure was used as a model for consideration of cor-
rosion inspection, detection , and prevention methods.

Discussion and Summary

In the course of the discussion it came out that a galvanic cell
mechanism is the important factor in the corrosion process at hand in
the fastener situation. Most of the “corros ion problem solving session
dealt with inspection and detection methods with some emphasis also
placed on preventive measures. It was felt that , besides the usual
visual inspection on known “corrosion hot spots” as well as overall
inspection of the airplanes , the following methods should be looked
into in greater detail than has been the case in the past.

a) Corrosion sensitive coatings — color changes by pH changes
b) Liquid crystals — thermally activated color changes
c) Electrically conductive material — in topcoat as dispersed

phase or on topcoat
d) Xerography
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e) Acoustic emission
f) Infrared techniques
g) Spark and ion source mass spectroscopy
h) Neutron radiography

The rest of the session was spent discussing corrosion prevention
techniques. Emphasis was placed on usage of inhibited sealants on air-
craft -oblems and on crack inhibition in g2neral. It was mentioned
that the ion vapor deposited Al process should be used to plate the
steel fasteners in the future. Finally, it was mentioned that when the
7049, 7050 Al alloys are being applied for airframe structures, then
overall corrosion should be substantially decreased on airplanes.

Fred Vahldiek —Speaker

First of all I would like to emphasize the recently raised comment
as to getting a good communication between the people of the Air Force,
industry , and the university, that is pretty obvious because our session
this morning had to spend quite a bit of time introducing the other side
— industry and university — to the Air Force problems. I would like to
emphasize that this should be continued on a deeper basis, there is a
need for this communication.

Now as to the actual detection and prevention aspects, we arrived
at new methods on problem solving in corrosion, essentially in two
areas: 1) in inspection and detection and 2) prevention. Now a number
of these ideas have already been mentioned by earlier speakers, but I
would like to summarize just briefly what we talked about this morning.
This again will emphasize new and old methods which have resurfaced and
particularly the use of corrosive sensitive coatings which can be put into
materials to detect certain types of corrosion. Conductive materials,
for example, can be put into top coats and by electrical methods can be
measured if corrosion is present. Another method mentioned briefly was
liquid crystals which caused quite a stir. Another technique that was
brought up in the discussion was inhibited sealants. There again we
have an inhibitor—type process which has been studied for a number of
years and now is being used in sealants. Professor Montgomery brought
up a new method , Xerography , as a possibility . In the area of chemo—
electrical methods, spark and ion source mass spectroscopy and infrared ,
which was mentioned earlier, were discussed .

In the area of prevention, the example discussed was the cad plated
fastener, a typical aluminum—type structure, and it was mentioned that
aluminum will eventually be available for coatings rather than cadmium
because of the galvanic cell problem that we have in the structure at
the present . Professor Frisch brought up another interesting point
that since the military airplanes spend most of their time on the ground ,
would it be possible to develop a simple cocoon—type thing which could
be put up very cheaply and quickly and would help in corrosion prevention.
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(‘INAL SESSION

CORROSION WORKSHOP

Dr. C.T. Lynch — Speaker and Discussion Leader

There are several items of a general nature I would like to cover
and then we will open up the session for general discussion , particularly
on the points that have been raised as to where we go from here.

First of all , Dr. Hoch and I will get out to the participants a
report including the Air Force presentations , reflecting the inputs
from the different workshop committees as to  what was done here , and
a list of attendees , as well as possible action items , etc.; and we will

- ‘  
also try to include in it the new AF COP—CON or Corrosion Prevention
and Contro l document which is being issued as MIL—STO 1568 later this
fall. This report will be followed later by a Covernment Technical

L Report available for general distribution. Secondly, if you have any
questions pertaining to the meeting or comments , please direct them to
Mrs. Jean A. Gwinn in care of the University of Cincinnati Office , AFML/
LLM—l. W-PAFB , OH 45433.

We have the representatives here of the Air Force Office of
• Scientific Research , the Office of Naval Research , and the Army Research

Offic e . It seems appropriate that they might talk briefly on this
question on where you go from here, after having attended this meeting ,
and got some thoughts together pertaining to the topics discussed .
Hopefully, they will present some needs as I have had some criticisms
directed to me that we haven ’t been specific enough with the needs. I
will say that we have tried to be specific within the confines of the
time available but we still may not have done the job from your stand—
point. We perhaps have not been nearly specific enough to give you the
ideas that vot, feel you need to work on to develop concrete proposals.
You may feel that you have to return and talk further with people such
as myself , peop le in the Logistics Centers , etc. about some of these
problems we have In more detail than we could do at this meeting together.
We would encourage and hope to foster such further response. So without
going further with this, I have asked our co—sponsors from AFOSRI and
our sister service representatives to comment at this time .
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Lt Col R. W . Haffner — Speaker

Because of the limited time available this week , neither Dr. Lynch
nor I expected to have detailed plans drawn up as to the results of this
Workshop, especially to the point where~ one would be ready to apply
funds and head off in the direction that the Group had decided . I
think that would have buen asking too much; but let met go back to
what we said was our original objective. First we wanted to stimulate
a little thinking about corrosion prevention and certainly we have done
that. Secondly, we have done a little communicating. I know, for
example , that you people from industry and universities have had a
chance to listen to Air Force people describe their problems firsthand .
You have listened to them and you have heard a good deal about how we
have tried to control the problem to date. Som~ of the things that
have been tried did not work out very well , some of the limitations
we are up against , i.e., cost , weight and time considerations prevent
an easy solution. Now I think what we would like to have you do ——
the other half of the exercise —- would be to continue thinking about
these problems that we have discussed when you go back home. Continue
to think about them, discuss them with colleagues. I do not know how
creative ideas are born, but when they are please share them with us.
Your proposals may apply to the field of metallurgy or they may relate
to surface chemistry. They may involve improved design concepts or
suggest new maintenance procedures. Whatever they are we welcome your
proposals. We will consider and evaluate, to the very best of our
ability, any ideas that you care to submit. In my organization , AFOSR,
we operate entirely on the basis of unsolicited proposals sent to us
by the scientific community.

My surface chemistry program includes the study of corrosion
reactions ; however, others at AFOSR also sponsor surface studies in
physics and solid state sciences. They are equally interested in
surface phenomena and some of their research is closely related to
our corrosion work. I can not promise to fund every idea that comes
in, that obviously is a fiscal impossibility due to the limited funds
we have to apply in the basic research area. But we will thoroughly
evaluate each proposal, first to determine its scientific merit , and
secondly, to consider its relevance to the Air Force.

_ _ _ _ _  _ _ _ _ _ _ _ _ _
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Phil Clarkin — Speaker

I thought I would tell you about the directions we are taking in
our corrosion research program at the Office of Naval Research with
respect to stress corrosion cracking and hydrogen”.embrittlement.

In high strength aluminum alloys , we feel that there is still
enough confusion concerning the mechanism(s) of stress corrosion
cracking that we are continuing our mechanistic studies. We feel——and
this relates to Dr. Russo’s earlier question about the potential for
improving the stress corrosion resistance of these alloys——t ’iat improve-
ments are possible; the development of alloys such as 7050 point to this.
However , we need to know much more about the stress corrosion cracking
mechanism in these alloys in order to make these improvements effectively.

With respect to steels, we feel that stress corrosion cracking has
been reasonably well established as a hydrogen embrittlement problem and ,
although it would be of interest to determine how hydrogen actually works
to degrade the mechanical properties of steels, we are not pursuing this
in our research program. The reason for this is our feeling that the
physics of solids and our understanding of cohesion in solids has not
advanced to the point where research on hydrogen effects may be fruitfully
pursued . This assessment has been further reinforced by the many

h discussions of hydrogen effects on crystal plasticity at a recent meeting
on Surface Effects in Crystal Plasticity in Germany that offered no new
research approaches to resolve the hydrogen problem. On the other hand ,
we have taken the view that if hydrogen is in a steel, it is always
potentially harmful; thus , we must keep hydrogen out or render it innocuous
should it be absorbed . Our research program reflects this viewpoint by
emphasizing research on surface additions aimed at preventing or minimizing
hydrogen adsorption and entry, and research on alloying to provide hydrogen
trapping.

While I am on the subject of hydrogen embrittletnent I might add one
further observat ion. We spend a lot of time worrying ibout the hydrogen
absorption that may occur dur ing the many fabrication steps to which a
steel part may be subjected or when the part is in service, but we have
little , if any , quantitative definition of the absorption at each point
in a parts history . I think it might be both practical and worthwhile to
establish this, even if only for a few representative components. For if
we had information of this type , we might be able to take more effective
steps to prevent hydrogen entry in practice , and it may point out areas
where further research on this problem is needed .
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Dr. Phil Parrish — Speaker

As most of you know I am relatively new at the Army Research
Office and that is probably good from a nonindoctrination standpoint .
As far as the Army problems are concerned , I am trying to get attuned
to them as rapidly as possible In the area of corrosion. Many of our
problems are quite similar to those voiced by the Air Force speakers
these last two days, and I have spent four years working on some of
them at the Air Force Materials Laboratory with Dr. Lynch and others
of their staff. We have not discussed much of the problems associated
with ground equipment maintenance but this certainly is another
problem area where tight budgets and high maintenance costs require
a heightened research interest for all of the armed services.

In terms of proposals we are definitely looking for some imagi-
nation in programs that are proposed ; ~ome good ideas and new techniques
or new applications of existing methods. One thing that does concern
me is that we do not encourage everyone to work on hydrogen problems

— to a degree that other equally important topics are neglected or given
inadequate attention . We are always open to good proposals and we
encourage obtaining these proposals from you for consideration in our
research efforts.
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Dr. Lynch — Speaker

I think we should keep In mind that corrosion programs are often
difficult to sell to management. They are not glamorous like new
missile or laser weapon programs. Some of this is due simply to the
fact that the corrosion problem is an old one that seems uninteresting
to management people who buy the programs. Another fact we have alluded
to and hope to have progressed on here is that many research proposals
seem to be quite removed from the engineering solutions that they are
supposed to be advancing . A further hurdle is the prevalent attitude even
among scientists who have lived through a tremendous scientific revo—
lution in this century , that you simply can’t stop it since its mother
nature , and we just have to live with it. On your car that may be all
right when your fenders rusts off and falls apart. On an aircraft wing ,
it may not be so ignored .

The importance of meetings like this workshop is to draw attention
to these problems and the necessity to work on their solution. Regard-
less of how we establish a definite need , the Air Force is still spending
many hundreds of millions of dollars per year on maintenance of the
existing fleet. Somehow we need to significantly reduce these costs.
Despite the difficulties we must find a way to define and sell programs
that will have this desired impact. We feel that this workshop con-
stitutes a reasonable starting point for this effort.

NOTE: The workshop open discussion which was taped at this closing
session was unfortunately such an unsatisfactory tape that the results
could not be reproduced here. We would encourage participants , who
made remarks that they feel should be annotated to this report , to
prepare them and forward them to Dr. C.T. Lynch, AFML/LLN, etc. These
remarks will then be included in the subsequent Government Technical
Report to be published on this Workshop Proceedings .
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NEW DIRECTIONS FOR CORROSION RESEARCH AND DEVELOPMENT

Dr. H.M. Burte and Dr. C.T. Lynch

In the “Opening Remarks” one of us challenged this Corrosion
Workshop to “identify and define new and promising specific directions
for corrosion research , or approaches where development might be
attempted” and to attemp t to match these to specific “windows”. There
are several ways in which we might assess our progress towards these,
and the value of the Workshop . One is simply to see what new proposals
of significant merit have been received by a granting agency for basic
research such as AFOSR during the 6 to 9 months subsequent to the meeting,
which appear to directly arise from the new approaches discussed . We
might define significant merit for this purpose as proposals which have
been received and found acceptable during the review of independent
evaluators who assist AFOSR. Another method would be to look for those
programs in the AFML which came from an identification of reduction to
practice possibilities . Finally, one can look for changes in the
direction of academic or industrial fundamental research programs as
the result of this meeting, or subsequent to publication of this report.

I-~ the past six months or so, at least five specific proposals which
appear to relate to attendance at this meeting and to the conclusions
reached on directions for future research to solve Air Force problems,
have been received by AFOSR in the fields of metallurgy and chemistry .
Of these proposals, four or 80%, have received sufficiently high ratings
and will probably be funded in the FY77—78 time period. From the point
of view of AFOSR this is both a significant number of good , relevant pro-
posals, and a higher than expected degree of submission of successful
proposals than usually realized . In this context , then, an impact has
been made to bring the best equipped academic minds we can find to bear
on problems of reducing maintenance costs due to corrosion and to prevent
and/or control corrosion problems .

In the area of defining application “windows” which can serve as
outlets for fundamental research, one outstanding opportunity was identi-
fied . It was mentioned that the Air Force is currently building an
automated rinse facility for F—4 fighter aircraf t at MacDill AFB, FL.,
to establish the advantages/disadvantages of rinsing of aircraft after
every mission. The application of soluble inhibitors of a multifunctional,
nontoxic type, as recommended in the Coatings and Inhibitors Workshop
was coupled to this “window” providing an opportunity to research and
apply inhibitor concepts in an operational framework and assess the results
from service data on actual maintenance cost data on the aircraft. Within
less than one year this program has been planned and resources obtained
to support it. This is a good example of how the coupling of research
capabilities to applied problems and specific windows —— as we have
attempted to stimulate in the Corrosion Workshop —— can not only guide
research but can lead to new program effor ts which are readily sold to
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management and hence receive adequate support . The suggestion for R&D
on new stripping compounds will also probably result in new program
efforts in FY78. Other suggestions such as ior new primers are still
under consideration .

in this particular meeting the coupling was between fundamental
research scientists and acquisition and logistics engineers . We may need
to broaden the interchange to include tield level maintenance personnel
and their view of operational problems . If it is difficult for logistics
engineers and research scientists to speak and exchange useful information
in a manner that will lead to defining new research efforts to meet applied
problems , it may be almost impossible to quickly integrate the operational
tield personnel and research scientists into a workshop mode. We did not
try It , here , but probabl y should in a subsequent meeting . Along a similar
vein , the Air Force does bring together operational personnel and logistics
engineers (and a few inhouse scientists with a more fundamental background)
at a Corrosion Managers Conference held every 12-18 months. There has been
a tendency for such meetings to concentrate on procedure and supply problems
such as the variability in different batches of a centrally processed
washing compound or paint, but It might be possible to direct more attention
to consideration of where research efforts might be fruitful.

The example given of a research opportunity to apply new inhibitor
system s to reducing maintenance costs can be expanded from automated
rinsing of aircraft to washing aircraft at fixed intervals , or to using
soluble inhibitors in bilge , latrine , and galley areas which virtually
always show serious corrosion problems on all types of aircraft , or to
the possible development of improved inhibitors incorporated into paints.
All of these approaches might lead quickly to reduction to practice possi-
bilities . On the other hand , many corrosion engineers who must “fire-
light ” existing problems often fee l that many new approaches have no merit
when compared with the advantages tha t could be gained if current corrosion
prevention and control measures as outlined in the new MIL—STD 1568 (which
is included in this report) were assiduously followed . They may often be
right. The consaunication and feedback mechanisms between the research and
the user conununities must thus be of sufficient depth to define the
prob l ems, propose the solutions , t ind the windows , and meet the objections.
In this process we have at least made a beginning . An encouraging note
in ‘liis regard has been the positive and helpful response of maintenance
personnel and logistics engineers when they see that the scientists are
actually interested in their applied problems . They become willing pa ’t—
ners in formulating new program efforts to solve existing problems .

We have attempted to summarize the discussions of the panels at the
Corrosion Workshop in the Tables which follow . The format used is designed
to provide some perspective on how well it was possible to define either
the nature of general problems and/or reduction to practice windows or
possible avenues for future research. There is one table for each
Workshop . 
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The comparisons between Panel results are indeed marked . The
Workshops on Coatings and Inhibitors , Crack Growth Phenomena , Stress
Corrosion Cracking and Hydrogen Embrittlement , and New Approaches ,
were able to define general problems/needs, find at least a few
windows, and suggest areas of research or development. The Workshop
on Electronic Materials did not actually complete problem definition ,
and consequently could not specify much in the way of specific research
efforts or define windows for reduction to practice. The Panel on
Accelerated Testing spent all of its time defining the problem without
defining any specifics in the way of research programs . In this area
possibilities for windows appear to be straightforward providing a
strategy for reseach efforts can be devised . Also on the subject of
accelerated testing a further problem was considered without reaching
any conclusions . Several panel members felt that much useful data are
available from thirty years of prior research that relate actual service
response of experimental panels to atmospheric conditions. They feel
that the relevance of these data to current needs is not recognized nor
are they adequately utilized . For general atmospheric conditions
(humidity, temperature , rainfall , wind velocity, etc.) this may be the
case; for some pollutants data on potential environmental accelerators
such as SO2 were not widely available until a few years ago .

The Tables which follow summarize our perception of the results
and suggest some directions for Corrosion R&D. We felt that the
Workshop was a good start at improving the coupling between the corrosion
research community and the real needs of the acquisition and logistics
community. We thank all the partici pants for their contributions .
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WORXSHOP I (Con t ’d)

COATINGS AND IN H IB ITORS

GENERAL PROBLEMS/NEEDS WINDOWS REDUCTION TO PRACTICE! RESEARCH

_____________________ ___________________ DEVELOPMENT —____________________

C3mply wit h New EPA Evaluation thru Non-Corrosive Mode— Mechanisms for Suitable
R.’gulations a Maintenance gradable Paint Strippers Paint Stripping by Non—

Evaluation Pro— Cosrosive or Inhibited
gram with WRALC Corrosive Paint Strip—
on Specif ic Air— pers. Solvent—Paint
craft Reaction Studies , Non—

Corrosive D egrada t ion
of Paints w i t h Mild
Chemicals. Syn thes is
of Water Base Polymeric
Coatings.

CONCLUSION: A substantial number of research efforts outlined atid specific windows
appear available. Several MDI techniques suggested identical to some from Workshop
VI.

99

-
• • — - 

: -- I~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. .  .-~~~~~~~~~~~~



fl-W.,.~ ~~~~~~~~~~~~~ —P—-~ ~~~~~~~~~~~~~~~~ “~~~‘•~~~~ ~~~~~1 • •~~~~~~— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~ -

WORKSHOP I I

ACCE lERATE D T F S l l N t ~ ANt ) REALIST iC TEST ENVIRONMENTS

GENERAL PROLI LEMS/NEEDS WINDOWS REDUCT iON TO PRACTICE/ RESF.ARCII
_____ 

DEVELOPMENT

M at er  t i t s  S t I  i s t  ion AFI C Ri-~ u .-~.t f~~r Not Defined — r o s s ih i  i t :  v : Not  Pet i nod : N t e d
Screen and Rank ~ W c . k  Turn Acce lerat i’d Ti’s t i ng New to  P,-t  ci is n. Cau sa—
Materials/Short Term A t o u n d  on Mate— A l lovs Su~-h as Powder tive Mcchatt tsms

t t Is  Eva lu~~t io n M et  ~ Il n t - g ~ Aluminum ott  Re~~l t s t  i c ~ nv i t  o n —
hr  A.- - .-i.t j t  i’d Cotsp~i r a t  iv .  t t i s  is (pro— tnent S • Co r i  Os ion
1e~ t t u g  (~‘u I d  v i d i ’s no 5, - i v i t e  l i t , ’ A c c c I e t . t t o r t ’ .
l’ t o v  i . t ,  ~ t odow t’s t  tnt~~t c  in our rent state P,’t e titt i ni ~-~ -o kin  t

— — - W i t h  :- ~:ion ef m h e .t’.- t  , hot. ,’v. ’t ’L. - • ,tt nl }~~- i . t i o tt  h’ t o d t i o t s
ot  Spc. - t t i c  t o t  Rt .i I i~ — t t t ~ ~~~~~~~~~~
M a t  i t  i a l  s or a ted  es t  lu g .  N eed
Ci uipot ie t i t  s t o t Sop lt i s  t i t  j  i’d S~ ’ t v i  o
Test Failur e’ A nj i \ - s t s  t o

CoUtl\-i re C i  tid t d i t  c
• • list s t.- I t h  S c iv o

Perfo rmance Pre— WRALC Request Not Defined — l’o s s ib i l i t v :
diction li t o  k’v c l C  f o r  l i t e  C r et e  C — l 4 l A  Coi r~~ ;i o n  T r a ck i n g
Coot Models I t ’i Coot  Mod,’l s t .~~ .md rr~ i j e t  I on l’ t o g t  ,ta -

Eva Iua t iou  o I M t  t i - -  Tot a I A l t c i  a I t
i I u s  Bt-hjv I 01: In  Svst  .no  and
Co i t - o s  Ion Fiiv t i o u Spec i t  ic Pr’—
mt’n ts .  v e n t  i t  i v ,’

t o  l o t  j u
A i t c i  I I I . P u -  r
I in, P r o j  o,’
P t o v i d , -~ a u  F i t t i r
S tep  t~~ t Atm. ’—
sp liet  to  Cot t o s i o n
Si-vt -i i t  v Index
for A licia t m .
Seh c dul  itig Air—
c t - a f t  i n t o  I i , ’-
51851 l)i’p~~t
Ma t n t , ‘nati, e

Cont t at’ t Spec i — I t ’ s t Wou ld  Have  N o t  ti .’ t I tn ,I — l’~’ss it ’  t i l t  v
h eat ion St in,tard to he Porni-’nst  t- .em tnt Rca 1 1st 10 Htv  t i , ’ti$, ’ t i t  at
Tests t o t  Aco , - 1 e t a  I ~d for M a t  L’t’ Ia is Te~ I in g  ~‘n.1,’t Nt ’~’ M i t  —

Corrosion auto ‘ I I -  S e l ect  ion and l’ t , ’— Sp ecs t o t  5 p . c i i  Ic A l t —
ii z~hic Qu in t  i t  a m l  ye d i e t  i on  Ft t o t  • t i  at  I t ompoti t tu t  S -

Results . LIf~’ i r t - i t ’
Cos t  Models  t~~u Nov
Sys tems.

(ONCI I’S IoN : Pt-ohl em del m t  t on  iii  t h I s  cas. - d id  not  l, -a.I t o  a ny g i  .‘t u p  colIc l u s i o n~
as to spec i t  t o  r i -st a t  c i i  t’t ogt .ent s
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WORKSHOP III

ENVIRONMENTAL EFFECTS ON CRACK GROWTH RATES

GENERAL PROB LEM S/t ~EEDS WINDO WS REDUCT I ON TO PRAC TI CE/ RESEARCH

_____________________ ___________________ 
DEVELOPMENT ____________________

Reduce General Cor— F—4 Automated Use Exterior Rinse After Deve]op Effective
rosion Ri nse Fac ili t y Each Mission Inh ibi tor Systems

at MacDill AFB .
FL , Extend to
Other Aircraft.

Reduce General Cor- Specif ica t ion of Not Defined — Possibility : Not Defined But
rosion New Paints and Extend Inhibitor Use in Requires Substantial

Inhibitor Coatings , Cleaning and Efforts to Incorpo—
Systems Flushing Solutions , and rate E f f e c t i v e  Non-

Stripping Solutions, toxic Inhibitor
Systems. Soluble
Inhibitors cannot be
Directly incorporated

• into Coatings , R equires
R &D. Encapsulatio n of
Soluble Inhib itors  in t o
Coatings .

Predict ion of Program Depot AFLC —AFML Corro sion Pr o — Not Def ined . May
Maintenance Maintenance d ic t ion  Study on the Require New Data
Needs Scheduling C — l 6 l A .  An a lysis of Analys is and Modeling

• 66-1 Maintenance Data Methods.
Bank and Procedures .
Determine Data Reduction
Techniques and Correlat ion
Methods to Es tabl i sh  Cor-
rosion prediction Mod els
for Given Ai rc ra f t  Forces.

Se lec t ion  of Damage Tolerant Not S p e c i f i c a l l y  Defined — Fundamental S tudies  of
Optimum Ma te- Dcsi~n Pro— Provid es E f f e c t  of V v s  K Curves , including

• ria ls for New cedure s Env ironm ent on Crack Metallurgical Van-
Systems Growth , for Failure ables , Rate Contro l l ing

Ant ic ipa t ion , Wic la r Range Proce sses , Aim for
of Choic e , Avoid Future Lower P la teau  V , and
Surprises , Establi sh Higher ~ I s cc .  Assess

• M a t e r i a l .  Limitat ions Environmental Vari~-
and Lower Cost improved ables , Tempera ture ,
Materials, and E f f e c t s  of Inhibi-

tors, Combined Chemical-
Mechanical E f f e c t s
Including Spec t rum
Loading .
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• WORKSHOP I I I  (Cont ’d)

ENVI RONMENTAL EFFECTS ON CRACK GROWTH RATES

GENERAL PROBLEMS/NEE DS WINDOWS REDUCTION TO PMCTICEI RESEARCH

____________________ 
____________________ 

DEVELOPMENT _______________________

Con t inuing Education Continually Itemize and
of Both Maintenance Delineate Useful Practices
Personnel and the and Procedures for Effective

• Research Community Corrosion Prevention and
Control in Aircraft Design,
Construction , and Mainte-
nance.

CONCLUSION: An extensive research program outlined , some windows available , for
longer ran ge work need some window defini t ion , overlap with conclusions of Workshop
I , subject overlaps Workshop IV , and reports were issued by the panels with this

• • in mind ,
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WORKSHOP IV

• STRESS CORROSION CRACKING AN!) HYDROGEN E !BRITT LEMENT

GENERAL PROBLEMS/NEEDS WINDOWS REDUCTION TO PRACTICE/ RESEARCH

_________________ 
_____________ 

DEVELOPME~~~

Development of Not Specifically Production and Evaluation Develop Inhibitive
Optimum Materials Defined in Many of a Variety of New Systems Specifica ll y
for New Systems instances but Aluminum Alloys Including for SCC and HE (VS.

Examp les of SCC Powder Meta l lurgy  Products general corrosi on
and HE Failures inhibitors). Funda-
Such as Recent mental Studies to
C—141A Landing Shift V vs. K Curves ,
Gear Failure Due Lowering Plateau V .
T0 HE Always Raising K
Coming up to 

Iscc

Provide Windows
for Failure
Ant ici p a t ion/
Failure Avoidance
E f f o r t s .  Decrease
S u s c e p t i b i l i t y  of
Curre nt System s
to SCC and HE.

Selection of Specific Windows Hydrogen Probe Development Develop H y drogen
• Optimum Mate— for Longer Range and Eva luation for Steels De tec t ion  Techniques

nials and Resea rch Hard to and Other  Hi gh Strength for Low ppm A m i l y z i o ,

Processes for Define . L imited Alloys ( sens i t iv i ty  and Chara cter ize  Hydrogen
New Systems On—Line Analysis reproduc ibil i ty problems , Distribution and

of Plat ing Solu— however). E f f e c t s . Nh—0 2 as a
tions for HE Model Sy s t em , I n t e r —
Prob lems . a ction of Sur fac e /

Environm ent , C a t a l y s t s
vs.  Catal yst Poisons
for Degr a d a tive ’ Re-
ac t ions , Reexamine
H ln t e rac t ion  with
Metals , ‘v e r i f y  At pow-
der Metallurgy Prospects
in Terms of E x c e l l e n t
Reported SCC Resistance
of These Alloys , Studs’
Reasons for SCC Resis-
tance if Verified , and
Possible Exten sion to
Other Alloy Systems .

CONCLUSION : An extensive re search program outlined , some ici ndows ava ilable but
hard to define for longer range programs , overlaps with Workshop I I I .
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• WORKSHOP V

ENVIRONMENTAL DEGRADATION OF ELECTRONIC MATERIALS

GENERAL PROBLEMS /NEEDS WINDOWS REDU CT ION TO PRACTICE ! RESEARCH
_____________________ __________________ 

DEVELOPMENT 
_______________________

Longer L i fe  Procurement Not Defined — No Spec if ic  Not Well Defined —

Electronic Components Specifications. Developments Noted 1) Solve Existing
The Lack of Problems of Con-

• - Specific Win — tamination , Cyclic
dow for Failure Hum idity and Tempera—
Anticipation ture, Dissimilar
Studies Evi— Metals, and Atmo—
dent. Need spheric Rain , All
Component and Leading to Premature
Integrated Comp onent Failure .
Systems Per— 2) Allowablc Con-
formance ta minant Levels for
Analysis Both Given Componen ts
to Indicate Should be Determined .
Research Needs 3) Investig a tion ci!
and Provide Vapor Phase Inh i b i to r s
Guidance for for Encased Electronic
Reduction to Systems Needed .
Practice
Demonstrations.

• LcNC LUSION : Problem def ini t ion not comp leted . Very l i t t le  in the way of spec i f i c
new research pr ograms suggested .
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WORKSHOP VI

NEW APP ROACHES TO CORROSION PROBLEM SOLVING

GENERAL PROBLEMS/NEEDS WINDOWS REDUCTION TO PRACTICE/ RESEARCH
_____________________ __________________ 

DEVELOPMENT _______________________

Corrosion Detection NDI of Coatings New NDI Methods Development : Application/Detection
and Coating Condition and Adjacent 1) Acoustic Emission Limits and Rapro duci—
Evaluation Structure, 2) Neutron Radiography bility of New NDI

Fasteners, Methods, e.g.,
Honeycomb , 1) Corrosion Sensitive
and Other Coatings (pH indicator)
Complex 2) Liquid Crystals
Structures. (thermally activeted
PDN or Other color changes)
Inspection. 3) Electrically Con-

ductive Topcoats
4) Xerography
5) IR Imaging
6) Spark and Ion MS

• Simplify Cor— NDI of Not Specifically
rosion Detection Coatings , Defined
NDI Methods Fasteners ,

Honeycomb
Structure ,
Etc .

Reduc e Cost of Not Wid er Application of
Maintenance Defined TVD AL.

Wider Use of New AL
Alloys.
Inhibited Sealants
(multiphase inhibitor
protection),
Cocoon Storage of
Aircraft .

CONCLUSION : A substantial number of NDI techniques directly applied to
corrosion detection suggested for further  research and development. A
potpourri of other possible windows to apply technology suggested which
appear to require little research. 
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MIL—STD—l568(VSAP )

DEPARTMENT OF THE AIR FORCE

1. This Military Standard ha. been approved by the Department of the
A ir Force and is publish.d to provide requiraments for effective

• corrosion prevention and control programs.

2. Reco~~.nded corrections, additions, or deletions should be
• addressed to Air Force Material . Laboratory , A ttn : MXA , Wright—

Patterson Air Force Base, Ohio 45433.
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FOREWORD

The purpos . of this standard is to establish the requirements for
materials , p rocesses and techniques, and to identify the tasks required

• to ieplement an effective corrosion prevention and control program
dur ing the conceptual, validat ion , development and production phases of
aerospace weapons systems.
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1. Scope.

1.1 Scope. This standard establishes the requirement. for material.,
processes and technique., and to identify the tasks required to implement
an ef f ec t ive  corrosion prevention ~nd control program during theconceptua l, validation , development and production phases of aerospace
weapon systems . The Intent is to minimize the coat of upkeep due to
corrosion during the operational life of aerospace weapon systems.

1.2 Intended_use. Th is standard is to provide a mechanism for imple-
mentation .j t ~.ound materials selection practices and finish treatments
during inc  design , development , production and operational cycles of
the aerospace weapon systems. This standard defines requirements to
insure establishment and implementation of a corrosion prevention
advisory board (where app licable), a corrosion prevention and control
plan and its accompany ing finish specification as directed in Section

• 4. The corrosion prevention and control plans will dictate the
organization of the boards , their basic duties, operating procedures,
and t he f i n i s h  philosophies used in the systems. The f inish specifica-
t ion will require the contractor design engineers to designate the
appropriate treatments , in organic finishes and organic finishes on
the applicable production drawings. The finish specification will
therefore be required to specify the detailed finish systems to be
used on the respective aerospace weapons system in accordance with the

• finish philosophies as approved in the corrosion prevention and control
plan. The information contained in Section 4 thru 9 of this standard

• is derived from experience gained on protection of aerospace weapon.
• systems against corrosion by the military services and industry. It

represents technical guidance and requirements for incorporation in
the Corrosion Prevention and Control Plan and finish specification .

1.3 Applicabil ity . This standard is applicable for use by all Air
Force procuring activities and their respective contractors involved
in the design and procurement of aerospace weapon systems . The
detailed corrosion prevention and control plan and the finish apecif i—
cation applies to all elements of aerospace weapon system and its
support equipment except electronic end propulsion sub systems . The
requirement for the establishment of a corrosion prevention advisory
board shall pertain only to major aerospace systems approved for Air
Force use as defined by AFR 800— 2, Program Management.

11 7
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2. REFERENCED DOCUMENTS

2.1 The following documents, of the issue in effect on date of
invitation for bids or request for proposal , form a part of this
standard to the extent specified herein :

S PECIF ICATIONS

FEDERAL

QQ-P-4l6 Plating , Cadmium (Electrodeposited )

TT-P-1757 Primer Coating . Zinc Chromate , low
Moisture Sensitivity

MILITARY

• MIL-S-5002 Surface Treatments and Inorganic
Coatings for Metal Surfaces of Weapons
Systems

MIL-F-7179 Finishes and Coatings: Protection of
Aerospace Wea pons Systems , Structures
and Parts , General Specification For

MIL-C-7438 Core Material , Aluminum, For Sandwich

MIL-M-7866 Molybdenum Disulfide

MIt-A-8625 Anodic Coatings . For Aluminum and Aluminum Alloys

MIL-S-8784 Sealing Compound Aluminum Integral Fuel Tanks
and Fuel Cells , Cavities , Low Adh esion , Accelera tor
Required

MIL-S-8802 Sealing Compound , Temperature Resistant ,
Integral Fuel Tanks and Fuel Cell
Caviti es , High Adhesion

• MIL-C-8831 Coating. Cadmium (Vacuum Deposited)

MIL-F-18264 Finishes : Organic , Aircraft : Application
and Control Of

I IS
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MIL-P-?3377 Primer Coating ; Epoxy-Polyamide ,
Chemical and Solvent Resistant

MIL-M-25047 Marking and Exterior Finish CoI.-’rs Fot
A i r p l a n e , Airplane Parts and Missiles
(Ballist l e Missiles Excluded )

MIL—C-2 7725 Coatings , Corrosion Prevent ivi’ , For
A i r c r a f t lo t  egr a l  Fuel Tanks

MI L—S —38249 Se.t I l ug  Compound , F i r e w a l l

MIL— M— 38195 Manua l , I’e~’h u i  ~.il : S y s te m  Pecul iar
Corrosion Cent rol

M IZ. -M— 4 5202 Magnesium Al l ~vs , Aned i~ Treat ment 01

MI L—M—4b080 Ma gut’s inn t ’.~ ~. L i  n~ s . P~ 0cc’ ~. t e
Anodic Cleaning and Sur face’ St’.t I ing Ot

MIL A 4b IO6A A dhest v ’ S alant s , Silic one , g-rv ,
General Purpose

MIL A 4bI46 Adhe’~ t v e  So.t l an t s  • S i t  ic ene ,
Non ~-or ros i ye (For Use With St’ns ii ivo
Met •t Is and E q u i p m e n t )

MIL-S-81 73 Sea l ing  and Coating Compound , Corros ion

‘1 Inhibit I c e

MI 1.—C— S 32 3 1 Coa t ings , I’o 1 yure t bane’ Rain Eros ion
Res I s t  ant tot Ext erior Aircrat t and
Hlsii i le Pl.n;t t c  Par ts

MI1.—C—832~ b Coat  ing , lirothatie , Al ipha t i ~
- , I s ec y an at  e

t o t  Aerospac e ‘~PP ’ I c ’ . I t  ion’s

MIl. A~ 83~ / / Adh~~i t v e  l~~nd tu g  I or A e ro s p a c e ’  S y s t  ems

• Cu i c l i ’ I n t - i ;  t or

1• 
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MIL—S—8343O Seating Compound , Integral Fuel
• Tanks and Fuel Cell Cavities ,

Intermittent Use to 360°F

MIL-C-83445 Coating Systems, Polyurethane,
Non—Yellowing , White , Rain

• Erosion Resistant , Thermally
R e f l e c t i v e

MIL—C-83982 Compound , Sealing, Fluid Resistant

STANDARDS

FEDERAL

FED—STD—151 Metal , Test Methods

MILITARY

MIL—STD-810 Environmental Test Methods

HrL-sTD—889 Dissimilar Metals

MIL—ST1)-l500 Cadmium—Titanium Plating .
Low Embritt1em~-nt , Electro—deposit ion

(Cop ies of documents required by suppliers in connection with
specif ic procurement functions should be obtained from the procuring
a c t i v i t y  or as directed by the contracting officer .)
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• 
~~. D EF I N I TION NOT APPI.ICABLE

4. GENF .RAL REQUIR1~4ENTS. The’ Contractor shall prepare a Corrosion
Prevent ion and Control Plan and shall apply corrosion prevention
and control requirements and considerations during systems
definition , design , engineering development , production and deploy-
ment phases, which are consistent with the design life of the
aerospace weapon system,

‘
~~ . DETAIL REQU1R~ IENTS

5.1 Docum ent a t  ion .  Tite’ following documents shall result from
the implementation of the Corrosion Prevention and Control Program .

5.1.1 Corrosion prevent ion and e-ontrol plan. The contractor shall
prepare a Corrosion Prevention and Control Plan which describes
the  contractor ’s approach to corrosion prevention and control
measures which shall he implemented for the purpose of minimiaiflg or
elim in a ti ng potential corrosion developments in the aerospace weapons
system being procured . This includes government furnished equipment
installations and cont rac tor  designed associated ground equipment.
Guidelines b r  prepar ing  t h i s  document are provided in Data Item.
Dl—S/3598/S—138—l.

5.1..~ Finish s~ e c i f t c a t I o n . The contractor shall prepare a
finish spec-i: t i -at ion which L d e ’nt f t  i c -s t he  spec I f l c  finish or
technique’s t o  be’ used on the var ious  subs t rates  ot a l l  parts  compo-
nents and assemblies to protect them aga inst corrosion in the
app l it -able ’ opt-rating and nonoper at  ing environments to which they will
be ’ ex p o s e d .  The’ items to he ine’lude ’d sha l l  he in accordance wi th
fl t - S -~~5 9 8/ S - l 3 8 — l  and the’ systems procurement specilication . After
t h e  document  has been approved by the  r esponsible Ai r  Force procuring

• act ivit y , the r eq e i tr em ent s  contained therein shall be included in
- I all applicabLe production drawings.

-~~~ 

121

• -.- ~~~~~~~~~~~~ 
— 

• — 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~



- ‘~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~ ‘ ‘  - - ,— --• ---- -.---- ‘ ~~~~~~~~~~~~~~~

MIL-STD-1568(USAF)

5.1.3 System peculiar corrosion control technical order. The
contractor shall prepare a system peculiar corrosion control
t echnical order which details the procedures for corrosion control
and maintenance to be utilized by personne l in the organizationa l ,
intermediate and depot levels. This document shall be prepared in

• accordance with MIL-M-38?°5. In addition maximum use of General
Technical Orders 1-1-1 , 1-1-2 , 1-1-4 , 1-1- 689 and 1-1-8 will be made .
Through Field Surveys and Air Force technica l order change requests ,
this technical order shall be updated as required .

5.2 Schedule for submission

5.2 .1 Corrosion prevention and control plans. The initial draft
ot the corrosion prevention and control plan shall be submitted to
the procuring activity as a part of the proposal package .
The corrosion prevention p lan and finish specification shall be
submitted for approva l sixty days subsequent to contract award .
Revision of this document shall be acccmtplished as requ ired to
properly record a change to materials and/or processes being used for

• corrosion prevention and control. Through design stud ies , analysis of
• failure reports , and weapons systems inspections , data shall be

collected wh ich shall be ana lyzed for required revisions to this
document .

5. 2.2 system peculiar corrosion control technical order. The system
peculiar corrosion control technical order shall be submitted as

• r equired by the procuring a c t i v i t y .

5.3 Implementation of corrosion prevention and control program

5.3.1 Establishment of corrosion prevention advisory board. The
contractor shall participate in a corrosion prevent ion advisory board
which shall have responsibili ty for assuring that all the functions
of the corros ion prevention and control program are carried out. The
board shall be chaired by the representative of the procuring activity

• and inc lude  an engineer ing team from the contractor . The pane l
s h a l l  inc lude members from the contractor ’s organization and from the
Air Force as fol lows :

a. Contractor Members: The contractor team shall be led by
an eng ineer with experience in corrosion prevention and control

122 
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and will serve en this capacity on a tu ll time bases . The team leader
shall report directly to program management . The remaining team
members shall be authoritative representatives of the contractor ’s
organizations which are necessary to insure that proper materials ,
processes , and treatments are selected and subsequently properl y app l ied
and maintained from the init ia l design stage to the final deliverable
hardware.

b. Air Force members: The Air Force team will be as designated
by the applicable Systems Program Ot fice in accordance with the provis ion s
of AFR 400-44.

5.3.2 Duties of corrosion preven tion advIsory hoard. The pr im ary
function of the board is to insure that adequate corrosion prevention
and control requirements are being implemented during all phases otT
the aerospace weapons system being procured . Specific duties of the
board shall include :

a. The contractor shall be responsible for assuring that the
documents outlined under section 5 .1 are prepared and submitted in
accordance with the required schedule .

b. The chairman shall obtain the necessary reviews , clarifi-
cation , resolut ions of any differences in technical position and fina l
approval of the documentation on a timely basis. In particular , the
fina l approva l of the finish specification shall be secured pr ior to
release of the production drawings .

c. The chairman shall establish monthly meetings or as required
to resolve design problems as they occur . Other meetings shall be
convened should a critical or major problem arise which requires action
by the board .

d. The chairman will notify all Air Force and contractor members
of each meeting date , the topics to be discussed , and any decisions result-
ing from the previous meeting. Written reports of each meeting shall be
submi tted to all members.

e. The Air Force member(s) shall attend those meeting deemed
appropriate , based on the agenda items to be discussed , and, if necessary ,
to present the Air Force position on controversial technica l dçcisiona
made at the previous meeting.
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- The contract or ti-am leader and his group representative
shall sign et f on all product ion drawin~ s after review of materials
sele -~ t ion • treatments and I m i

g. The chairman and team leader will m a i n t a i n  a runn ing  log
of a l l  act ion i tems and t h e i r  r e so lu t  z e u s .

Ii . The contractcr team leader shall prepare and obta in pane l
members ag reement on the pr i n c  ~c~ e 1 t a sks  to  be acc omp i ished t o  implement
corrosion prevent i on and c Ontri’ 1 procedure s in the contractor and sub —
contr actor tacili tm es .

i . 8oth the cha i rma n and c o n t r a c t o r  team leader shall main-
tain authority to conduct periodic reviews , on a scheduled and
no nscheduled basis , otT the contractor and subcontractor facilities
where critic al parts and assemblies are being f a b r i c a t e d , processed ,
assembled and readied for shipment to evaluate the adequacy of the

• ef forts in corros ion prevention and control . Discrepanc i es will be
documented and submitted for  review and resolution by the board . The
reviews sha l l  be scheduled as fr e q u e n t l y  as deemed necessary  by the chai rman
and/or contractor team leader .

c - e  M a t e r i a l s  and process cons idera tions  in des ign

~ .- i . l  Se lec t ion cons idera t ions .  The primary cons ide ra t i on  in the
d e si gn and cons t ruc t ion  of aerospace weapons systems is the a b i l i t y
of ti l t ’ design to comp ly wi th  s t r u c t u r al  and operat iona l r e q u i r e m e n t s .
In addition , the aerospace weapons arc expected to  perform r e l i a b ly
and require minimum maintenance over a specified lifetime , whic h

• inc ludes min imiz ing  the rate of de te rio ra t ion . There t ore , in the
s~~lc c t  ion of suitable materials and appropriate processing methods
to satisfy structural requirements , consideration oust also be given to
those materials , processing methods and protective treatments which
reduce service failures due to deteriorati on of parts and assemblies in
serv ice . Deter iorat ion modes wh ich  con t r ibu te  t o  service failures inc lude
but are not limited to p i t t i n g  corrosion , ga lvan ic  corrosion ,
exfoli ation corros ion , stress c orrosion , corros i on fatigue, thermal
embrittlement , fretting fatigue , oxidation , hydrogen embr i t tlement ,
weathering and fungus growth. In the entire’ des i gn phase attention
shall be given to precautionary measures to min imize deterioration
ot indiv idua l parts and assemblies as well .is the entire system .
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Precautionary measures include proper selection of materials ,
limitations ~~t design operating stresses , relief of residua l stress
levels , shot peening, heat treatments which reduce corrosion
susceptibility and protective coatings and finishes.

5.~~.2 r;enera l design requirements for corrosion prevention

‘ .~~.2.l E xc l u s i o n  ot r a i n  and airborne ~~~~~~~~~~~~ The design of
the’ system shall be such as to prevent water leaking into , or being
d r i v e n  into , any par t  of the system either on the ground or in flight.
All w i i ~dows , door s ,  pane l s , canop ies , e tc , s h a l l  be provided w i t h
s e a l i ng ar r an gement - . such t h a t  t h e  e n t ry  of water is prevented when
these i tems are  c o r r e c t l y  closed . Particular c~ire shall be taken
t o  prevent tIlt ’ wetting ot equipment , and heat and sound proofing materials.
Sharp corners and recesses should be avoided St~’ that moisture and solid
matter cannot accumulate t o  ini t iate localized attack. Sealed
f loo r s  w i t h  s u i t a b l e  d ra inage  s h a l l  be provided for  g a l l e y s , t o i l e t s .
and cockpits.

..~.2.2 V e n t i l a t i o n .  Adequat e ventilation shall be provided in
all areas to prevent moisture retention and buildup.

i D ra inage .  D r a i n  holes shall be provided in the system to
prevent  c o l l e c t i o n  or en t rapment  otT wa t e r  or other unwanted
fluids which can enter by various methods. All designs shall
include considerations for the prevention of water or fluid entrapment
and insure that drain holes are located to effect max imum drainage
of accumulated fluids. Actual aircraft configuration and attitude
shall be considered in addition to component design .

5.4.2.4 Dissimilar metals. Use of dissimilar metals (as defined by
MIL-STD-889) in contact shall be l i m i te d  t~ applications where
s i m i l a r  m e t a l s  cannot be used due t o  p e c u l i a r  des ign  requirements.
When it is necessary to use dissimilar metals in contact , the metals
shall be adequately protected against galvanic corrosion . Galvanic
corrosion can be prevented by interposition of a material which will
reduce the overall electrochemical potential of the joint or by
in terposi t ion of an insulating or corrosion inhibiting material.

I
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• 5.’..3 Metallic ma terials

‘, ., . l .l Aluminum

~~. 4 .  1.1 .1 Alloy selection. Whenever the design requires
t h e  s e l e c t i o n  of a luminum [or s t r u c t u r a l  components ,  maximum use shal l
be ’ made of alleys , heat treatments, and claddings which minimize
s u s c e p t i b i l i t y  to  p i t t i n g , i n ter gr anu lar  and stress corrosion . The
following are alloy temper reconrlend.-%t ions for recistance to
c x t o l i a t ion or s t r e s s  corros ion .

E x f o l i at i o n  res i s tance

Alloy Temper
2124
2219
2024 A l l A r t i f i c i a l l y  Aged
2014
1075 T76XX , T736XX
7175 T76XX , T7~OXX
704 9 r76XX . T73XX

• 7475 T76XX , T73XX
7050 T7bXX , T736XX

Stress corrosion resistance

Alloy Temper
2024 All A r t i f i c i a ~~lv  Aged
2124
221°
704 9 T7 3XXX
7050 T7 3XXX
7075 T73XXX
7175 T73XXX
7475 T73XXX

to the event these alleys and tempers ,or other approved alloys , are
n~t used , the susceptibilit y to stress corrosion cracking of the
•~o lected alloy w i ll be est ab lished for  each app 1 feat ion in accordance
with paragraph ‘-c .4.Ll .’-c .

A l l  aluminum sheets  used in externa l env i ronments  and interior corrosive
envi ronments  s ha l l  he clad on both s ide ~ except wh er~’ the design

2 (~
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requires surface metal removal by machining or chemical milling
or where the design requires adhesive bonding or where the design
uses alloys of the 5000 or 6000 series type. Sut faces from which
cladding has been removed shall be protected in accordance with
MIL—S—5002 and MIL— F—7179 which require a chemical or anodic film
followed by an organ ic f inish , except tha t bonded parts shall be
finished in accordance with paragraph 5.6.1.1.1.

• 5.4.3.1.2 Aluminum alloy selection limitations. Mill produc t
- • forms of aluminum alloys 2020 , 7079 , and 7178 in all temper

conditions shall not be used for structural applications. The use of
7075-T6 shall be limited to thicknesses not to exceed 0.125 inch.

5.4.3.1.3 Maximum metal  removal. Maximum metal removal from
surfaces of non—stress relieved structural parts after final heat
treatment shall not exceed 0,150 inch unless the final temper or
condition has been demonstrated to have a stress—corrosion resistance
of 25 ksi or higher in the short transverse grain direction as
determined by a 20 day alternate immersion test given in FED—STD—151,
Method 823. This requirement is applicable to 2000 and 7000 series
alloys, but 30 days shall be used on 2000 series alloys . Stretch
stress—relieved or compression stress—relieved aluminum products shall
be used wherever possible. Maximum metal removal requ irements are
not intended to apply to mechanically stress—relieved products
because of the low level of internal stresses resulting from
mechanical stress—relieving.

5.4.3.1.4 Shot peening for stress corrosion resistance. All surfaces
of all structural forgings , where accessible after final machining
and heat treatment , must be completely shot peened using a minimum
of two coverage passes or placed in compression by other suitable
means, except for forgings having a demonstrated stress corrosion
resistance of 25 ksi or higher in the short transverse direction
and web areas under 0.080 inch thick where no short—transverse grain
is exposed by machining. Those areas of forgings requiring lapped,
honed , or polished surface finishes for functional engineering
requirements shall be shot peened prior to such subsequent surface
finish operations, Aluminum forgings used in corrosive environments
shall have essentially no residual surface tensile stresses in the
final heat treated and machined condition. Surface finish clean—up

• of shot peened surfaces such as landing gear bores, as required for
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I I t  up w i l l  not exceed 0.003 inch of surface material removal for
aluninuin alloys or 0.0015 inch for steels.

5.4.3.1.5 Test for stress corrosion susceptibilit1. Primary
• s t r u c t u re  aluminum forgings , extrusions , and parts machined from plate

used in corrosive environments shall have essentially no residual sur—
-

• 
face tensile stt-esses in the final heat treated and machined condition .
To demonstrate  that  stress corrosion susceptiblity Is within accept—

• - ab le l i mi t s , the second production forging of all critical aluminum
f orgings  and one samp le part  of each configuration n.achined from
extruded stock or plate, except those in paragraph 4.3.1.1, shall be
subjected to a standard 3.5 percent salt solution alternate i~ sersion test
for 2000 cycles . This test shall consist of 10 minutes total immersion
followed by 50 mInutes in air under conditions that result in complete
dry ing of the part in the first 5—10 minutes of the drying cycle.
Inspec tion for cracks shall be accomplished a f t e r  250, 500, 750, 1000,
1500 and 2000 cycles. These inspections shall be fully documented and
the results made available for review by the procuring activity. The
occurrence of any crack within the first 1000 hours of testing shall be
cause for rejection of the design and for the contractor to modify his
forging or machining technlçues to eliminate such cracking . Retest
shall be accomp lished to ve r i fy  that  the modif icet ions  result  in a part
that will not crack for 1000 hours of testing . Every practical effort
shall be made when cracking occurs during the second 1000 hours of
testing, to relieve the residual stresses which resulted in cracking
during the second 1000 hours of testing . The part used for this test
shall have been machined and heat treated in accordance with the pro-
cesses to be used for the production part. No protective finishes or
anodizing shall be used and no external  loads shall  be applied . This
test shall be conducted prior to comuittal of the part to production .

5.4.3.1.6 Stress corrosion factors. High strength aluminum
alloy parts shall be designed , manufactured , assembled , and installed
so that sustained residual tensile stresses are miniitized to prevent
premature failures due to stress corrosion cracking . In cases where
such stresses cannot be avoided , corrective practices such as use of
stress corrosion resistant alloys and tempers , optimum grain-ilow
orientation , shot peening or simtlar s u r f a c e  work ing sha ll be employed.

5.4.3.2 Low alloy, high strength steels. All low alloy , h igh
strength steel parts including fasteners require corrosion protective
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m e t a l l i c  coat ings by a process proven to be nonembrittling to the alloy/
heat treatment combination . Applicable metallic coatings and finishes
are described in subsequent section . of this document.

5.4.3.2.1 LImitation on use of protective metallic coati.~~~~ Sof t
surface coatings such as cadmium , nickel- cadmium , and aluminum
shall nut be used for sliding or wear applications . Cadmium plated
surfaces shall not be used in app licat ions where surf ac e t~~perature
exceed 450°F. Cadmium shall not be used in contact with fuel ,

• hydraul ic fluid or lubr ica t ing oil. The use of chrome plating for
corrosion protection of alloy steel wear surfaces th interior
environments is acceptable. For app licat ions involving exposure
to the exterior environment , chrome p lating shall be con.id.r.d an
acceptable corrosion protect ion of alloy steel wear surfaces only
when the chrome plating is periodically lubricated (fluid or grease types
only) or a 0.0015 inch minimum layer of nicke l p lating ii. applied
under the chrome. All chrome pl ated etsel surface s shall be shot

• pee ned pr ior  to plat ing . Chrome plated surface s shall not be used in
app lications where service temperature. exceed 700°F.

~.4.3.2.2 Stress corrosion factors. Alloy steel parts heat
treated to 200,000 ps i and above shall be designed, manufsctured,
assembled and installed such that sustained residual surface tensile
stresses shall be minimized to prevent premature failures due to stress
corrosion cracking . Whenever practicable , the use of press or shrink
fits , t ape pins, clevis joints in which tightening of the bolt imposes
a bend i ng load on the female lugs, and straightening or assembly
operations that result in sustained residual surface tensile stresses
in these materials shall be avoided . In cases where such prac t ices
cannot be avoided , apply protective treatment such as stress relief heat
treatments , optimum grain—flow orientation , wet installed (with a
protective material) &userts and pins , and shot peening or similar sur—
face working to minimize the haiard of stress—corros ion cracking or
hy drogen embrittlement damage .

5.4.3.3 Corrosion resistant steels. Except for the 400 Series
M ar t e na t t i c  steels , corros ion resistant steels generall y exhibit  excellent
corrosion resistance and do not require protective coatings for general
protection against corrosion. Corrosion resistant etsel, shall be passi—
vated. Table I should be used as a guide in the selection of corrosion
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resistant steels tor structural app lications .

‘).4.J.1.l No corrosion resistant precip itation hardening stee ls
shall h~’ used in the H90t) condition . Corrosion resistant maraging,
A Ln , ii ser ies , t~vstom series . Ott ’ . ~ tco l~ shall not be heat treated to
the t i  ii t~~hes t st.io~t t h ~‘~~nd ii. ion . Cotros ion resistant i9—9DL and 431
stOt ’ t~ shall n~ t be used t o r  any appli cat kOn . 5cr Ii’s 600 martens i t  to
grade corrositat i c s  at  •,n t atee Is shall not ln’ used in the 150 ,000 to
181) ,O()O psi strength range . tInstabi It zeil austeni tic steels may hr used
up to -/00°F. We Ided assemblies t I n ’r , ’ot sh a l l  not  hi’ used un less  they

• have been given a solut Ion heat treatment after welding (excep t t o r  the
• stabilized grades 321 and 6 , E1.C 106 and EtC 316’).

TABLE 1. CORROSION CHARACTER I STICS OF CORROSION RESISTANT STEELS

Genera l  Cot ros I on St ross Cot -t -ost on
Class 

- 
Al )

~ X Resistance Resistance
316 Exce l lent Exce l lent
l.~7 Exce l lent Excel lent

A286 High Exet- 1 lent

~i us t e nj t t c  321 H igh Moderate
304 (ELC) Moderate to high Moderate
302 Moderate Low

__________ 
301 Low to Modernt ’ Low
440C Moderate—S ons i t  iv e  To All Grades

Hydrogen Emhr i t t  I~’ - St’s cep t  ib le To
mont St rt’s Cur ros ion

en~ j ?  1~’ 4 .’() Low fe ~-h~ t~~t a t  c — W i l l  Crack i~~’
410 Develop Sttper f icial
4 1t, Rust  FUn W i t h

- -  ____ — A tmospheric~~~~~~~urc _____________________

PiU3-8Mo High Suscept i b i l i t y  Vat~ies
PH IS - lMo High S i g n i f i c a n t l y W i t h

Proc Ip it a— Pill - —tIMe hi gh Compos It ion . Heat
t on 17 —4PH 1) 1 Ii Treat ment • ~ ntt Product
Ia t . I  -n ti~ I ‘~ 

- ‘ PhI High Form
AM3~’’ Hig h

- ______ - 
AM l”O 

- - ______ _____ - — _____

I 1(1
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5.4.3.4 Surface consideration.. The surfaces of titanium mill
products (sheet, plate , bar, forging , and extrusion) shall be 100%
machined or chemically milled to remove all contaminated zones and layer.
formed while the material was at elevated temperature. This includes
contamination as a result of mill processing , heat treating and elevated
temperature forming operations .

5.4.3.4.1 Fretting. Titanium alloys are peculiarly susceptible
to the reduction of f a t i gue l i fe  by interaction with f r e t t ing  at inter-
faces between tItani~~ alloys or titanium and other base metal parts.
In any design where fretting is suspected , tests shall be made to deter-
mine whether such a condition will exist. Design considerations shall
be applied to minimize fretting in structural applications.

5.4.3.4.2 Special precautions. Titanium parts shall not be
cadmium plated and shall not be used in direct contact with cadmium
plated parts or tools, Silver brazing of titanium parts and silver plated
fasteners for elevated temperature applications shall be avoided.
All applications of titanium above 600°F should include consideration
of the hot salt cracking phenomenon.

5.4.3.5 Mngnesium . Magnesium alloys shall not be used unless they
are in areas where low exposure to corrosive environments can be expect—
ed and adequate protection systems can be maintained with ease and high

1 * reliability . Specific approval of the procuring activity shall be required.
Magnesium alloys shall not be used in primary flight control system ;
for landing gea r wheels ; for primary structure ; or other areas subject
to abuse, foreign object damage, or to abrasion; or to any location
where fluid or moisture entrapment is possible. Only aluminum
alloy 5056 rivets shall be used for riveting magnesium alloy parts.
Magnesium surfaces shall not be used for electrical bonding or grounding
purposes.

5.4.3.6 Beryllium. In applications where beryllium is an approved
material , consideration shall be given to suitable protective coatings
to protect parts against corrosion. Tests shall be conducted to deter-
mine suitability of the protective coating under coaditione simulating
the expected corrosive environments.

5.4.3.7 Mercury. Mercury and many compounds containing mercury can
cause accelerated stress cracking of aluminum and titanium alloys .
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Devices containing mercury shall not be used on installed equipment or
during production where sp illage can contact these me~sls.

5.4.3.8 Adhesively bonde e. Desigu of adhesively bonded
assemblies shall preclude the accumulation and trapment of water or
other contaminants within the structure. Post assembly edge sealing
shall be used in addition to design techniques to preclude water entry .
Perforated or other core conf igurations which allow moisture transfer
shall not be used. All adhesively bonded assemblies shall be construc-
ted in accordance with M1L—A—83377. Adhesivel y bonded assemblies shall
be designed so that normal handling and other minor damage will not
result in edge or other delamination which could lead to moisture entry .

5.4.4 Non—metallic materials

5.4.4.1 Foam plastics. Foamed plastics shall not be used for metal
skin stabilization or as a sandwich core material in structural
components , o ther than all—plastic sandwich parts, low density f iller
putties , or hollow glass bead (syntactic) foam . Use of these components
shall be avoided unless rigorous vibration , sonic fa tigue , and all l i f e
and environmental exposure tests can amply demonstrate a durable product.
All components shall be completely sealed to preclude contac t of fluids
wi th core.

5 4.4.2 Lubricants. Silicone oils and greases shall be prohibit--
ed as lubricants but may be used for vibration damping , in gyros , and as
heat transfer media when enclosed in hermetically sealed assemblies.
Grease or heavy oils should not be used in applications where sand , dirt
or similar contamination may be agglomerated into the lubricant. Solid
film lubricants shall be entirely free of powdered carbon and graphite.
G raphite shall not be used as a lubricant for any component. Graphite
is cathodic to all structural metals and will establish the basis for
galvanic corrosion under proper c onditions , i.e., when exposed to heat
and moisture . This is especially true if the graphit e is applied in dry
form . Lubricants containing graphite shall not be used .

5.4.4.3 Electrical insulation .. Vinyl and polyviny ichi oride , as
insulation on wiring or as sleev ing shall not be used because of their
well known fungus nutrient characteristics and the dangers of outgassing

- • dur ing storage . These organics give off corrosive vapors which are
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active in attacking metals , plastics , elastomers, and insulation. Out--
gassing proceeds under normal room temperature conditions but is
accelerated by high temperature or low pressure , and is most serious in
closed containers. Satisfactory insulation includes Polytetrafluorethylene ,
FEP Teflon , K~l-F , H—f ilm, Polyamide , Ny lon, Polyurethane, Polycarbonate,

• Polyethy lene, Polyalkene, Polyethylene Terephrhalate, Polyolef in ,
Polysulfone, and Silicone sleeving in all grades. Where materials other
than these are required , fungus resistant classes shall be specified and
established by test per MIL—STD—8l0. Caution must be exercised in the
use of Teflon covered silver plated copper wire because of possible
corrosion at pin holes. Another problem associated with Teflon insulated
wire is the difficulty of obtaining adhesion when potting or encapsulat-
ing. Polyamide insulation is considered to be the best for elevated
temperature wire.

5.4.4.4 ~~~~~~~~~~~ Tapes shall be selected which are non—corrosive ,
do not outgas, absorb moisture nor support fungus.

5.4.4.5 Hyg~oscopic materials. Non—wicking , non—hygroscoplc
gaskets shall be used to ptevent moisture intrusion. Felt , leather ,
cork asbestos or glycol impregnated gaskets shall be avoided as well
as cotton core material in electrical cables. The outer edges of
laminated assemblies shall be sealed to prevent moisture intrusion.

• 5 . 4 .4 .6  Water displacing compounds. Water displacing compounds
may be used to coat metal surfaces against moisture , fingerprints and
corrosion. øn plated surfaces of electrical devices including leads,
contacts, and terminal pos ts, the sof t f ilm types of such compounds nave
been found to be effective protection against corrosion at pores or p in-
holes in the protective plating , a defect f requently found with standard
commercial items. The water displacing compounds shall be in accordance
with applicable mili tary specifications. Other corrosion preventive
compounds mu~ t be approved by the procuring activity ,

5.4.4.7 Moisture and fungus resistance. Parts and equipment shall
be designed so that the materials are not nutrients for fungi except when
used in permanent hermetrically sealed assemblies and other accepted and
qualified parts such as treated transformers. Other necessary fungi
nutrient material applications shall require treatment by a method
which will render the resulting exposed surface fungi resistant.
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The criteria for the determination of fungi and moisture resistance shall

- 
be that contained in MIL—S TD—8l0.

• 5.4.4.8 ulating blankets. Where thermal—accoustical insulating
• blankets are required , they shall be either procured with a permanent
- baked on water repellant binder system or suitably protected with

sealant to prevent any moisture absorbed by the blanket from
contacting the metal structure. The blankets shall be attached to the
aircraft structure by means of adhesive.

5.5.0 Corrosion preventIon during, manufacturing o~erations. Adequate
precaution shall be taken during manufacturing operations to maintain
the integrity of corrosion preventative design requirements and to

• prevent the introduction of corrosion or corrosive elements.

5.5.1 Clea.~~~~ Cleaning of the var ious types of metallic surfaces ,
prior to application of the surface treatments and coatings, shall, be
as specified in MIL—S.-5002, using materials and procass es which have
no damaging effect on the metal , including freedom from pits ,

- - intergranular attack and significant etching . Appropriate inspection
procedures shall be established . After cleaning 1 all parts shall be
completely free of corrosion products , scale, paint, grease, oil, flux,

• 
• and other foreign materials including other metals , and shall be given

• the specific treatment as soon as practicable after cleaning . Parti-
cular care shall be exercised in the handling of parts to assure that

• foreign metals are not inadvertently transferred , as may occur when
steel is allowed to come into contact with zinc surfaces.

5.5.1.1 Titanium contamination. Care shall be taken to ensure that
cleaning fluids and other chemicals used on titanium alloys are not
detrimental to their performance. Substances which are known to be con-
taminants and can produce stress corrosion cracking include :

a. Hydrochlor ic ac id
• b. Trichiorethylene

c. Carbon tetracb lorlde
d. Al l chlorides
e. Chlorinated cutting oils
f. Fr.ons
g. Methyl alcohol
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~~~~~~~~~~ Surface dama~ e. Damage to any previously app lied surface
treatment or protective finish shall be repaired . Damage to surfaces

• wh ich wi l l become inaccessible because o’ rnating with other parts
shall oc touched up prior to mating . Organic coatings used for
repair shall be the same as those on the undamaged areas.

Marking pencils. Ordinary lead pencils containing graphite
sh~ Li not be used to ma—k metal parts, Nongraphitic marking pencils
covered by MIL-P-83953 shall be used.

) .‘) .A C leaning a f t e r  assemblj .  A l l  c losed compartments  shal l  be
cleaned after assembly to remove all debris such as metal chips ,
broken fasteners , and dust. Particular attention shall be given to
insure that drain holes are not blocked .

~~~~ Protection of parts during storale and shipment. All parts
and assemblies shall be given adequate protection to prevent corrosion
and physical damage during temporary or long term storage and shipment .

5.b .O Inorganic finishes

5.u.l Detail rj~irements . Cleaning , surface  t r ea tmen t s  and inorganic
4 finishes for metallic surfaces of aerospace weapons systems parts shall

be in accordance with MIL-S-5002. Those parts or surfaces of par ts
located in corrosion suscep tib le  areas or which form exterior surfaces
of the system shalt require chemical ‘finishing to provide maximum
corrosion resistance .

S . 6 .l . l  Aluminum. A l l  unc lad  parts made from 7000 series aluminum
alloys and located in an i~terior corrosive , exterior , or abrasive
environment shall be sulfuric acid anodized in accordance with

• MIL-A-8625, Type II. 2000 ser ies aluminum alloys may be anod ized
in accordance with MIL-A-8625, Type I or Type II, or chemical fi lm
treated in accordance with MIL-C-81706. Shot peening of aluminum
alloy parts shall be accomplished prior to anodic coating . The
detrimental effect of anodic coatings on fatigue life shall be
considered in design.

5.~~.l.l.l Adhesive bonding. Face sheets used for adhesive bonding
• shall not be clad in the bond line. All bond line surfaces shall be
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protected against corrosion by the use of MIL—A—8625, Type I, chromic
acid anodizing or FPL etch. The treated surfaces shall subsequently be
coated with a corrosion inhibiting adhesive primer compatible with the
adhesive. Other surface treatments may be used with the approval of
the procuring activity. Sandwich construction core shall have a
corrosion resistant finish in accordance with MIL—C—7438.

-
~ 5.6.1.2 Cadmium coating.~~ Cadmium coatings for all steel parts including

fasteners shall have a minimum thickness of 0.0003 inch and shall be
subaequently treated with a chromate conversion coating. High strength
steels having an ultimate tensile strength of 200,000 psi and above
shall be plated with the titanium—cadmium process In accordance with
MIL—STD—l500, the vacuum deposition process in accordance with
MIL—C—8837, or a similar non—embrittling process except as noted in
paragraph 4.3.2.1.

5.6.1.3 Magnesium . Magnesium alloys shall be treated in accordance
with MIL-M—45202 or MIL—M--46080 prior to painting. Hole drilling after
f inishes have been applied shall not be permitted . Any operat ion which
might remove previously applied finishes shall not be permitted.

5.7.0 Organic finishes

5.7.1 Detail requirements. All finishes and coatings shall be
consistent with the requirements of MIL—F—7179.

5.7.1.1 Organic finishes. The organic finishes or finish systems
used shall provide the necessary protection against corrosion for all
materials used in areas subjected to corrosive environments. All
exterior paints and colors shall be consistent with thermal design
requirements. Marking and color schemes shall be in accordance with
MIL— M-25 047 and T.O. 1—1—4 , or as otherwise specified by th. procuring
activity. The exterior organic finish system shall be MIL—C—83286

• al iphatic polyurethane over MIL—P—23377 epoxy polyamide primer. This
organic finish system is suitable for temperature requirements to
350°F. interior primer shall conform to MIL—P— 23377 except in high
temperature areas such as engine bays. Where primers are required in
high temperature areas, the selected material shall be approved by the
procuring activity. Integral fuel tank coatings shall meet the require-
ments of MIL—C—27725. All exterior plastic parts which are subject to
ra in or solid particle erosion shall be protected by coatings
conforming t ’  specifications MIL—C—8323l or MIL—C—83445. Justification
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data, including both laboratory and service experience, shall be
submitted for approval by the procuring activity whenever materials
other than those given above are proposed.

5.1.1.2 Organic finish application. The MIL—C—83286 aliphatic
polyurethane coating shall be applied in two coats to a thickness of
0.0018 to 0.0023 inch, for an overall average total topcoat thickness
of 0.0020 inch. The MIL—P—23377 primer shall be applied to a thickness
of 0,0006 to 0.0009 inch , for an overall average primer thick—
ness of 0.0008 inch organic finishes shall be applied in accordance
with MIL—F—l8264.

5.7.1.3 Magnesium surfaces. Magnesium surfaces shall receive
pretreatment , two coats of primer and two top coats prior to assembly .
Magnesium components shall be installed without undergoing any operation
such as hole drilling or fit—up, which would damage this finish. All
faying surfaces shall be sealed with and all fasteners must be Installed
wet with a corrosion inhibiting sealant conforming to MIL—S—8l733.

5.8 Environmental sealing

• 5.8.1 General requirements. Environmental sealing is utilized to
provide protection from corrosion by excluding moisture and other
corrodants from joints. It is important that the areas to be coated
with sealant be adequately cleaned before sealant is applied.

5.6.2 Detail requirements. All joints and seams located in exterior
or internal corrosive environments, including those in landing gear
wells, control surface wells, attachment wells and structure under fair—
ings shall be faying surface sealed with sealant conforming to MIL—S-
81733 , MIL—C—83982, MIL—S—8802 or MIL—S—83430. The MIL—S—8l733
specification covers a sealant which contains a soluble chromate
content of 3 to 6 percent for corrosion inhibition. For sealing high
temperature areas, MIL—S—38249, firewall sealant, shall be used. The
use of sealants not covered by a Military Specification must be
approved by the procuring activity . Removable panels and access doors
shall be sealed , either by mechanical seals or separable fay sur f ace
sealant MIL—S—8784.

5.8.3 RTV silicone adhesive sealants are occasionally required for
specialized applications in aerospace equipment. Sealants conforming
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to MIL—A—46106 or MIL—A—46146 shall be used for these aprlications.
Caution must be exercised when using MIL—A—46106 material since it
may cause corrosion due to liberation of acetic acid during curing.
The application precautions given in MIL—A—46l06 shall be followed.

5.9.0 Fastener installation

5.9.1 Detail requirements. All permanently installed fasteners
(all fasteners not normally removed for regular access or servicing)
shall be installed with a corrosion inhibiting sealant conforming
to MIL—S—8l733 where temperature limitations permit. In high
temperature areas , up to 350°F, MIL—P—23377 , epoxy primer , or a
sealant which is suitable for the thermal environment shall be used .
Fasteners in integral fuel tanks shall be installed ~rith wet sealant
as specified in MIL—S—8802 or MZL—S—83430. The use of sealants
not covered by a military specification must be approved by the
procuring activity.

5.9.2 Special considerations. Quick release fasteners and removable
fasteners penetrating exterior surfaces shall be designed and installed
so as to provide a seal to prevent moisture or fluids from entering.
Holes for these fasteners shall be primed and allowed to dry prior to
installing the fastener.

5.9.2.1 Titanium rivets installed in titanium structures may be
installed dry, unless sealing is required for liquid tightness.

5.9.2.2 Cadmium plated fasteners are prohibited in applications which
would bring them into contact with titanium, and titanium fasteners are
prohibited in applications which would bring them into contact with
cadmium plated components. Cadmium plated fasteners shall not be used
in contact with graphite composites.

5.9.2.3 Monel fasteners or copper plated fasteners shall not be used
in contact with aluminum components .

5.9.2.4 All permanently torqued fasteners shall be lubricated with a
mixture of 50 percent (by weight) petrolatum and 50 percent (by weight)
molybdenum disulfide MIL—M—7866.
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5.9.2.5 Only 5056 aluminum fasteners shall be uaed to fasten
magnesium components.

5.9.2.6 The .~ee of aluminum coated fasteners is the preferred method
for preventing exfoliation in the countersink area of aluminum skins.

Custodians : Preparing Activity :

Air Force — 11 Air Force — 11

Project Number: MFFP—Fl04

139 -

• 

—= 
- . 

~~~~~~~~~
• - -

-- 

- -~~~ --—~~~~~~~~ —--~~~~~~~~~~ ~~~~~~~~~~~~—~~~~-• —-



~~~~~~~~~~~~~~~~ —P- ~~~~~~~~~ - ••- • • • • •

- 
- TBIS PAGE IS BEST QUALITY P ACTIC~A~L~

1~I~~ ~OPI FUi~LuSW~D TO DDC . ._,.~
—

I STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL
U(STR IJCTIONS. The purpose of th4a form Lu to .ol ic*t b.nefi cial co meata which w ill help ach ieve procure-
s n t  of siu t.bl. products at reasona ble cost and mir umUR de lay. or will otherw ise enhwt ce use of the document.
DoD contIectOra . gov.ma.nt .cUvtttes . or manuf act urers/ve ndor, who .rc prosp ct &v e suppliers of the produ ct
at. Lnvite d to eub.ft cesm .n(u to It. ~ov.mm.at . Fol d on In.. on r.vers. side , stapl e in Conier . ,nd send to
piep.rIaI act iv ity. Coaments s ubmitted on hi. Ions do Sot con.Iltute or tm ply •ulho rtg.t&on to waive any
port ion of tn e re ferenced document (s) or to emend coStr.ctusl r.quir.inents. Att ach any pert&nent date wh ic h
may be d use in Improving th is document. II that. are additIonal pipers . snack to Ions end place both in an
envelop . .ddr.ss.d to peeparin g act iv ity .

DOCU M ENT O E N Y I P I I N  AND T I T L E

(N A M S OP O S O A N I Z A T I O N  A N D  *005(53 CO NTS AC T NUM SER

M A T E S I A L  PSOCURED uNDER A

DO IPt CC Y G O V E S N U E N Y C O N T R A C T

I. H A S  ANY PAST OY THE DOCUMENT CREATED PROSLEMS OR REQUIRED INTERPRETAT ION tN PROCUREMENT
USE?
A GIV C P A R A 4 R A P H  NUM5E5 AND W O RDING.

- - 
5. RECONwEN OATI ON S FOR COSRECT INC TM C DEPICI(NCIE

Z COMMEN T S ON A N Y  DOCUMENT REQUIREMENT CONSIDERED TOO RIGID

— 

—

~~ 

—- —
I

3. IS THE DOCUMENT RESTRIcTIvE?

0 Y~~s 
~~ 

NO (U “V..”. in .f,at w.~P)

4- REMAR K S

S U S M I T T C O  IV (PrInt.d at Iyp•d 1’.  and ad*... T E L E P H O N E  NO. 
— -

b atE
I - %1.

~ F ORM 4 A ~~~~~~ 
C 1 6 0 61

~~j  rj • ‘.N ~~ 
I REPl A C E S  EDITION OP I JA N 11 WHICH MAY SE USED

L 

*U S. UOv,r nm.nt Pri nt i ng OffI ce: 1978 — 75 7-080/ 4 8 9

140

~


